THE PHYLETIC CLASSIFICATION OF AMPHIPOD CRUSTACEANS: 
PROBLEMS IN RESOLUTION* 


by E. L. Bousfield! and C.-t Shih? 
ABSTRACT 


The phyletic classification of amphipod cnistaceans has been а mayor source of disagreement among principal 
recent workers. The disasrecment results at least partly from the masking effects of convergent or homoplasicus 
morphology not only on superfamily and subordinal recognition, but also on the determination of closest phyletic sister 
groups to the Amphipoda within the Malacostraca, The most recent attempts al pbyletic classification of amphipads (e.g. 
зейһгінті 1986, and others) are based partly on the werk of the present writer, but leave important problems not entirely 
resolved, Ава тези! same recent major classifications remain alphabetical (e.g. Ruffo, 1990; Barnard & Karaman, 1991). 

Based on new evidence. partly [rom recent behavioural work of CMN colleague K. E. Conlan, this study takes a 
morphological -behavioural approach to solving such problems at all levels of classification. Among malacostracan 
potentral sister groups, Wie Атпртиро а appears phyletically least remote from. Ше Mysidacea, but more remote from the 
Hemicendea and Фе Isopoda. Within the Amphipoda, two natural subordinal groups are recognized, viz, the primitive, 
relict Ingalfiellidea, and the more advanced, dominant Gammaridea, both with extant members in marine and [reshwaler 
habitats. Within the Gammaridea, two exclusively marine, infraordinal groups, the Hypertidea and ће Caprellidea, have 
possibly arisen from stegocephalid- aud podoceridlike ancestors respectively. 

The infraorders and superfarnilres within the Gammaridea may be organized broadly and semi-plryletically inta 
"Amphipoda Natantia" and "Amphipoda Кергаппа”, analogous to categories formerly employed within Ше malacastracan 
Decapoda. The former category includes reproductively free-swimming groups, with direct mating (usually lacking pre- 
amplexus ) тоз у freely in the water column. Typically here, the male 15 sexually specialized in the antennal sensory 
organs (e.g. possesses callynophore, calceoli and brush setae}, eyes, and tail fan, but seldom m the gnathopods, The 
mature male stage is also smaller than the female and is a terrenal life stage (non-moulting, often non-feeding). 
Components of the second culepary аге mostly benthic or infaunal in all lite stages, mating occurs on/in the hottor, with 
preamplexus (precopulatory grasping of the female and/or agonistic behaviour toward other males). Here also, the male 
1$ usually ihe larger, ts usually sexually specialized in the gnathopods but not markedly us sensory organs or Тай fan, 
and is indeterminate ii prowd) (mates during two or more life stages), The very few anomalies within this classification 
are various]y attributable to delayed loss of plesiomorpluc structures or tn convergent morphology and behaviour, in 


specialized forms. 


INTRODUCTION 


The phyletic classification of amphipods has long been 
Drought with difficulties and much controversy among prin- 
cipal workers. Their views tend ta be "colored" ћу their 
experiences with various Laxonomic and ecological 
subsroupings, particularly within the Gammaridea (e.g. 
Bousfield (1979, 198 2а, 1982) Barnard and Karaman (1980); 
Holsinger (1989); Stack (1985); Ruffo (1989); Lincoln 
(1979); Schram (1986). Contributing to this difficulty is the 
relatively large size of this crustacean ordinal group (more 
than ЖОҚ) described species in 4 suborders and more than 
125 families}, and the large number of external morpholari- 
cal characters (700+) emploved variously at higher levels of 
classification. The current stale of the problem of classifi- 
cation within the Amphipoda seems analogous to the tale of 
the three blind men who were asked to describe an elephant 
based on the part of the beast that each happened to be 
touching — trunk, leg, or tail — with three widely differing 
results. Ап overall, comprehensive, and phyletically 
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rational picture therefore seems possible only by character- 
izing ай body parts, of all component groups, simultanc- 
ously. 

Faced with these difficulties and — limitations, some 
authors (e.g. Ruffo et al (1990), and Barnard and Karaman 
(1991 у have ex pediently adopted а simple, pragmatic, alpha- 
betical listing of f.milies within suborders, as is widely 
accepted for classifying genera within families and species 
within genera. However, a useful phyletic "сад has been 
provided by major workers within suborder Hypenidea (c.i. 
Bowinan & Gruner, 1973) and Caprellidea (e.g. McCain 
(1970); Laubitz (19/45), Also, in order to avoid being 
overwhelmed by unwicldy numbers of names and volume 
of taxonomic detail within the much larger suborder 
Gammaridea, others (2.2, Lincoln (1979); Schram (1956); 
and the writer (Bons held, 1979, 1983) have attempted to 
reduce the classtficatory problem toa manageable "compro- 
mise" by utilhzing a phyletically defined super family 
concept. Within the Gammaridea, this method reduces a 
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taxonmomically unwieldy 904 families to less than Pac dozen 
readily conceptualized and readily manageable super fami- 
hes. Also, the number of statistically significant characters 
of major taxonomic value is reduced to less than 50. thereby 
facilitating numerical taxonomic analysis, 
The need fora well founded, widely acceptable phyletic 
classification of amphipods, especially. within the Gam- 
maridea, is o£ increasing concern. Owing Lo new taxonomic 
discoveries amd revisions of older (аха, species. diversity 
within this subordinal group is increasing а the rate of aboul 
1-2% per year, Correct family and superfamily placement 
of laxa such as Aerioepedes Moore & Myers (1988) remains 
highly subjective and increasingly difficult 

Without a confinned phylogeny, character states cannot 
be "ordered" or polarized at appropriate taxonomic levels, 
nor can family-level units be properly defined іп relation to 
onc another. Lack of a recognized phylogeny severely 
handicaps students of amphipod behaviour and physiology 
who require stable ancestral reference points in Tormulating 
their conclusions. Today, the Amphipyxla remains one of 
the few major animal groups in which alphabetical classi - 
cations appear more widely utilized than phyletc arrange- 
ments. Such lack of consensus constitutes an unpediment 
to systematic work within this subdiscipline of crustacean 
systematics, En our view, this problem merits further close 
scrutiny and. hopefully, early resolution, 

The phyletic position of the other broadly recognized 
suborders of Amphipoda. the Hypenidea, Caprellidea, and 
Ingolfiellidea viz-a-viz the Сапипагкјеа, has been unevenly 
exumimed by previous workers. Jn the "pre-ingolfieilid" 
classical arrangements of Stebbing (1888) and Sars (1395), 
the hyperiids were considered among the most primitive, and 
the caprellids among the most advanced higher categories of 
amphipod crustaceans. Although recent literature ой 
hyperiids contains litle "outgroup" phyletic conjecture (e.g. 
Bowman & Gruner, 1973), the сапу status quo has appar- 
ently been maintained, With respect to the caprellids, Вас 
more recent "in-depth" studies of Laubitz. (1993) and Tak- 
euchi (1993) confimn, widely acceptably, the highly prob- 
able corophioidean origins of (he caprellids. whether mono- 
or poly- phyletically. The morphologically advanced posi- 
tion of caprellids 15 maintained including , by inference, that 
of their relatively recently evolved cetacean-parasitic cyamid 
contreres, The «mall relict«roup of highly modified infaunal 
and hypogean ingolfiellid amphipeds is generally consid- 
егей to be phylttically very old and worthy of maintenance 
at subordinal level (e.g, Кио, 1969; Stack 1977), a view 
that is amplified here (рр. 1205. Bowman and Abele (1982). 
however, would include the ingolfiellids within the Gam- 
maridea, close to family Сапипапдае. 

Schram (1986) has provided one of the mosi recent 
comprehensive reviewsof amphipod classification, Whereas 
he has acknowledged the relatively primitive phyletic posi- 
tion of the ingolfiellids and hyperiids, and followed ртујенс 
arrangements of superfamilies and families within the Gam- 
miaridea proposed earlier (c.g, Bousfield, 1979, 1982a, 
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1983), be has placed the caprellids in a primitive position, 
close to the ingolfiellids. He has advocated the use of rigid 
cladistic techniques (с.е. a Wagner 78 program) іп produc- 
ing а natural classification. However, in agreement wilh 
Ridley (1983), we find many basic ог "obvious" assump- 
tions about character states to be of den Nawed by heanoplasies; 
resulting cladograms in which these are not recognized are 
thus Tess realistic than phenograms in which homoplasious 
tendencies are selected out or otherwise minimized, 

In this essay, we propose to treat the classification of 
amphipods phyletically, but with а somewhat semi-prag- 
matic approach. Айе the fashion of D. H.Steele (1988, et 
scq.) who noted that amphipods were primarily swimmers 
and clingers, and secondarily crawlers and burrowers, we 
lave borrowed trom older decapod crustacean classification 
the terms "Narantia" (for the reproductively swimming and 
pelagic types) and “Reptantia” (for the reproductvely bot- 
lum-crawling and benthic categories). This approach uti- 
lizes reproductive (mating) morphology and behaviour, in 
both sexes. as ils principal phyletic basi. Whatever the 
nature of tbe morphology and Ше style of mature females 
and immature stages of both sexes, reproductive morphol- 
Ogy tends to be displayed most diagnostically in е mature 
male stage. Of partcular significance there is the form and 
armature of the antennae, enathopods, and uropod 3 and, to 
some extent, in the mechanical coupling organelles of 
peracopods, pleopods. and uropods. The approach also fac- 
ilitates the solution, or ncar-solution, of some longstanding 
problems of natural ordering of character states, and their 
application at proper levels of phyletic classification. 
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External Morphology of the Amphipod Crustacean. 

By way of review, the general external morphology of a 
zaammarndean amphipod has been diagrammed previously 
іп Bousfield (1973), Barnard & Karman (1991), and in 
several other popular and semi-papular works (e.g. Staude, 
1987). In Figs, LA and 1B, the principal features of repre- 
sentative member of Amphipoda "Natantia" and "Reptantia" 
respectively, are outlined, 

Ámphipods are similar to most members of the subclass 
Malacostraca (large crustaceans) tn having a finitely tagma- 
tized body; head with 5 pairs of appendages; thorax wilh 3 
pairs (first pair fused to head as maxillipeds); abdomen with 
б pairs, and terminating in a small supra-anal Пар or telson. 
The order Amphipoda is superficially similar ta most other 
orders within supraorder Peracarida in which the carapace 15 
much reduced or lacking; in having eyes that are sessile or 
near-sessile; mouthparts thal are concentrated in à buccal 
mass beneath the head; thoracic legs that are uniramous (or 
nearly so); and lecithotropic (nonplanktonic) development 
of eggs жип а thoracic brood pouch of the female. 

Amphipods differ from all other malacostracans іт hav- 
ing ambulatory thoracic (peraeonal) legs arranged in two 
distinct groups: the first four pairs are directed forwards, 
with the dactyls (claws) backwards, and the last three pairs 
are directed backwards. the dactyls forwards, hence the 
name "amphi "pod" (both kinds of feet}. This contrasts 
with the "fan- wise" or radiating position of the thoracic legs 
in isopod crustaceans. A second distinctive feature, unique 
te amphipods. Is the arrangement of abdominal limbs: the 
first three pairs are biramous swimming legs (pleopods) and 
(he hind three pairs are thrusting legs (uropods), This 
arrangement of abdominal limbs contrasts with that , which 
consists of five pairs of pleopods and one pair of огорс а in 
all other cumalacostracan crustaceans. In amphipods, tail 
thrust drives the animal forwards, whereas in decapods the 
tail thrust is typically а rearwards "escape reaction". 

The diagnostic features of amphipods that mate freely in 
the water column (Natantia) are shown in Figure LA. and аге 
descibed in detail elsewhere, The body is slender, often 
toothed or carinate above, wilh large powerful abdomen. 
large pleopods, and lanceolate, senally spinose ито. 
The head ts zencrally short and deep, with rostrum, and eyes 
varlously pigmented or lacking (abyssal forins). The antenna 
are slender and elongate, Antenna 1, peduncle stout; basal 
segments of Пане итп often fused and strongly armed with 
aestherascs (chemo-sensory filaments). forming а 
callynophore; accessory flagellum short ow lacking (in 
hyperiids). Antenna 2, peduncular segments 3-5 slender, 
anterior margin (of male) lined with fine filaments (brush 
setae) and offen caleeoli; flagellum elongate (esp. in males), 
Often with calceoli. Mouthparts basic, mandibular and 
тах реда! palps usually projecting anteriorly, 

Coxal plates 1-4 various, usually shallow, similar but 
often unlike. Onathopods | & 2 usually slender, weakly 
subchelate, with slender carpus and propel, seldom sexually 
dimorphic. Peracopds 5-7 usually slender, usually subsimilar 
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(homapodous), bul peraeopod 6 is offen longest; coxae 
posterolabate (hind lobe larger}. Telson usually large, and 
bilobate (fused and plate-like in hyperiids). Соха gills large, 
often pleated, on peraeopods 2-7, 

Diagnositic features of benthic amphipods, (he Reptantia, 
that mate on or in tre bottom substrata, are shown in figure 
IB. The body tends to be short and compact, often flattened 
dorsvenirally, seldom with dorsal teeth or carinations. The 
head is usually long and shallow, lacking rostrum, eyes 
usually small, Тһе antenna tend (о ће short, with stout 
peduncular segments, especially in males; callynophore and 
brush setac never present, and calceoli rare. Mouthparts 
vanable. mandibular and maxillipedal palps usually visible. 

Coxal plates 1-4 various. from large, deep, overlapping, 
ta small and basally separated. Onathopods offen large, 
strongly subchelate, strongly sexually dimorphic. Peraeopods 
wiih relative short stout sexments, and anterolobate сохае 
(ironi lobe the larger}. Abdomen short; pleopods medium to 
reduced or highly modified. Uropods short, stout, rami 
lincar, with apical spines. Uropod 3. rami usually short, 
margins spinose, or highly modified, seldom sexually di- 
morphic, Telson lobes variously fused, plate-like. Coxal 
gills plate-like or sac-like, never pleated, often lacking on 
регаегрсм 7, 

These diagnoses are intended as а generalized guide to 
basic amphipod merophotypes. They do not apply іп any 
particular species. nor 10 immature stages, Within each 
вгоџраге exceptional! cases that resemble species of the other 
group, Such encounters provide сте of the frustrating “joys” 
of attempting to classify amphipod crustaceans. 


The phylogeny of the Amphipoda as a group within 
the Peracarida 


The phyletic pasinoming of the Amphipoda has also 
been the subject of considerable controversy. Тһе most 
widely held (classical? view, that amphipods are most closely 
related to isopods. 15 held by а number of modern workers 
including Bowrnan and Abele (1982), Stack (pers. commun.) 
and Schram 1984, 1986), Other workers including Dahl 
(19631, Watling (1981), and Bousfield (1988) have pre- 
sented evidence that the natural sister group among the 
Pericarida is the Mysidacea sens. Jat}. A few others (e.g. 
D. Н. Steele. and recently Watling (pers. communic.)) have 
looked Foran ancestry outside the Peracarida, and do not rule 
Out the Syncarida as the closest natural Gutgroup among the 
Eumalacostraca. 

A basis Гога possible mysidacean common ancestry 15 
depicted in Figure 2, А typical gammaridean amphipod is 
represented by the paoxocephaloidean (lower right), Ad first 
glance. it appears to have litte in commen, at least exter- 
nally, with the various forms of Mysidacea in the upper 
figures. The Mysidaceans are much more plesiomorphic in 
possession of adistinct maxillary carapace, and Fully biramous 
thoracic limbs, among other differences. However, the 
Telatively primitive ingoltiellidean amphipod (lower middle 
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ЕКС. 1. Basic Morphology of the Amphipod Crustacean, 
А. Natantia (Hyperiopsidac) В. Reptantia (Melitidae) 
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FIG.2 EXTERNAL AND INTERNAL ANATOMICAL RELATI (ONSHIPS: EUPHAUSIACEA, 
LOPHOGASTRIDA, MYSIDA, AMPHIPODA. 
(After Watling, 1981, and other soürces) 
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E. FLCTACEA 


K. ТОРОРА 


FIG 3. EXTERNAL AND INTERNAL ANATOMICAL RELATIONSHIPS OF MALACOSTRACAN 
SUPERORDERS SYNCARIDA, CUMACEA, BRACHYCARIDA, MICTACEA AND ISOPODA 
(After Walling, 1981, Bowman & Пе, 1985, and other sources) 
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right. and also Fig. 27) shows (1) vestigial stalked eyes, (2) 
partly cleft maxilliped basal segment, and (3) uropod 2 much 
larger and stronger than uropod |, both with serially selose 
rami. as іп pleopods elsewhere. АЛ of these features are 
more prominently and functionally present in mysidaceans, 
esp. іп family Petalopththalmidae Fig. 2E. Thus, the 
enlarged итород 2 of the ingolfiellidean may be homologous 
pleopod 5, anomalously longer than the anterior pleopods in 
iis mysidacean fanily. Members of this family alsa dem- 
onstrate a trend to "tore and ай” subdivision of the thoracic 
legs, as in the Amphipoda. Also, the internal anatomy of the 
ny sidacean (с.с, ОПорћоначтија. Fig. 2€), especially of the 
blood vascular system. with dorsal thoracic ог Паје heart and 
(horace respiratory vessels. is nearly identical with that of 
tie Amphipoda (Fig. 20; see also Watling, 198]: Schram 
(1986.. Mysids also possess anrenüal glands ax well as 
maxillary cxcretory glands, а very basis and phyletically 
stenificant homology}, 

fn the other hand, the external and internal morphology 
of amphipods contrasts very РОВ У wilh that of isopods 
and with brachycaridans (hemicarideans} (Fig. 3), In these 
latter taxa, the heart is weakly tor non-) ostiate, mainly (or 
entirely abdominal in position. aud the respiratory system 13 
primarily abdominal, vestigially thoracic (or pasteriartby 
cephalic). Both groups have maxillary glands but lack the 
primitive antennal excretory elands of amphipods. Here 
also, components cd (he buccal mass, especially the maxillae 
and maxillipeds, are basically differently constructed (sec 
Schram, 1980). Other major features of these two groups, 
differing from the amphipods, occur inthe lack of peraeopodal 
vill elements, and in the universal presence of flabellate 
(rather than annular) pleopex rami, and plate-like telson 
(even іп juveniles). Such differences between members of 
these ordinal peracaridan groups аге numerous and Funda- 
mental, Their similarities (in general body form and lack of 
сагарасе) appear more probably superficial and convergent. 
The differences probably reflect basic differencesin liie- 
style; the amphipods being primilively swimmers, secondar- 
Пу crawlers (per Steele, 1938). and the isopods and 
brach ycaridans pnmitively crawlers, secondarily swimmers. 
All these factors, in combination, suggest a relatively remote 
comumon ancestry of amphipods and їзїр, and a long 
period of subsequent ditfering evolutionary pathways. As 
we may note below (p. 83 ), the fossil record of these groups, 
Limited as it is. tends 10 suppor such à conclusion. 

With respect to the Syncarida, overall similarities (with 
ihe Amphipoda) in body form and structure of seme append- 
ages cannot be denied (see Schram, 1986). Such includes 
a body that is cylindrical and carapaceless, eves thal are both 
stalked and sessile, First thoracie segment that is fused (usu- 
ally) to the head. mouthparts occurring in а loose buccal 
inass beneath the head, pleopod rami that are annulate, and 
telson that is partly cleft (in some juveniles), However, 
under close scrutiny, several similarities appear superficial, 
and comprise an anomalous mixture of primitive and ad- 
vanced characteristics, many probably convergent or 
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homoplasious. Thus. the cylindrical carapaceless body (¢.2. 
in Anaspidacea) is only weakly tagmalized between thorax 
and abdomen, and metachronal swinming motion 15 cat- 
tinuous bebween thoracic exopods and the five pairs of 
abdominal pleopods. Although the pleopod rami аге 
plesiomorplücally annulate, the pleop«xls per se (excerpt in 
the ancestral Рајагосапдасеа are apororphically uniramous 
and usually anteriorly sexually dimorphic (Schram, 1986), 
The thoracic limbs (including maxillipeds) are 
plesiomorphically biramous, and their endopods apparenily 
8-(rather than 7-) segmented. тета у, although the 
syncarid heart is cylindrical and dorsal, itis apomorphicall y 
few- (or noi) ostiate, and strongest abdominally. — Also, 
syncand respiration is of a more advanced type (abdominal 
as well as thoracic). Moreover, syncarids possess only 
maxillary glands and lack the primitive antennal glands that 
characterize amphipod excretory systems, < Alihoueh 
syncarids and amphipods share an advanced lecithotrophic 
сез developinent, their reproductive life styles and ontogeny 
are very different and much less apomorphic in the Syncarida 
(see Schram, 1986). in combination, these character state 
differences appear (0 be al [cast as great аз bepween the 
Amphipoda and other higher taxa within the Eumalacostraca, 
and suggest that a those phyletic relationship beytween the 
Amphipoda and the Syncarida has yet to be critically dem- 
onstrated, Оп the other hand. the gross character-state 
similarities between syncarids and amphipods may reflect 
modifications required by similarities in benthic, brackish- 
and fresh-water (possibly cold-water) life styles that аге 
almost certainly convergen! within many of the known Syn- 
carida (including the Palaeocaridacea) and the Amphipoda. 
Regretably, the fossil record reveals little direct evidence 
bearing em such relationships (see below, р. 83). 


l'alaeohistorical Model 


Although the fossil record of the Amphipoda is rela- 
имеђу limited (since Upper Eocene, Oligocene (Karaman, 
1384; Bousfield & Poinar, 1993), much сап be deduced 
indirectly fron present geographical distributions and con- 
tinental drift relationships, and rom comparative morphol- 
ogy of component superfamily groups (see Boustield, 19825: 
Karaman. 1984; Schram, 1086; and Derek Briggs, pers. 
comunic., t. Thus, the continental freshwater distribution of 
component families of ihe primitive zammaridean 
superfamily Cranganyctoidea parallels that of the Astacura 
(Decapoda). where the fossil record is much better docu- 
mented, and suggests an early Gondwanian (Mesozoic, or 
earlier?) ancestry. On similar grounds, the world distribu- 
tion of the small group of more primitive hypogean ingolfiellid 
amphipods (see Stock, 1951 ь the gross morphology of 
whose epigean forebearers can only be hypothesized, would 
make a late Palaeozoic origin of the Amphipoda (as a whole) 
stem not unreasonable (see Figure 3, after Bousfield and 
Conlan, 1990), Such timing would be consistent with the 
fossil record o£. other peracandan groups (e.g. Isopoda, 
Tanaidacea, and Cumacea) that extend back to the Lower 
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Carboniferous. Tt is also not inconsistent with fossil records 
of other Eumalacostraca, for which primitive stomatopods 
and syncarids аге recorded from various levels of the Car- 
boniferous, and a primitive replant decapod member 
(Palaeopalqemon . à "proto-glvphaeul ) from the Upper 
Devonian, Theearliestand most prunitive crustacean groups 
(phyilopods. тах роде, and even the leptostran 
malacostracans), were mostly small, filter-Feeding aad de- 
posit- feeding marine morphotypes. Their fossil records ex- 
tend back variously into the early Palaeozoic, and may 
indicate a possible Pre-cambrian origin for the Crustacea per 
se. However, the relatively abrupt appearance of major new 
eumal-acostracan morphotypes in the Middle із Late 
Palaeozoic coincides rather neatly with the contempraücous 
evolution and proliferation of new vascular plant groups 
(e.g. pteridophytes, cycads, Cordaitales) These relatively 
large, higher plant forms, along with attendant and endemic 
invertebrate Taunas, presumably formed a basic and major 
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new fol resource tor larger crustaceans in coastal terres- 
trial, tresh- nd brackish-water environments at this stage of 
palaeohistory. Ancestral amphipods, with features of à 
"prote-ingolfiellid" (see p. 121) may have first appeared ai 
that time. 

Al any rate, the lunited fossil record of the Amphipoda 
might indicate that most superfamily groups ate of relatively 
recent origin and evolution, probably since mid-Mesozoic 
times, some 200 m.y.b.p. (Bousfield, 19825). The highly 
specialized caprellidan Cymaidae cannot be much older than 
Eocene, when their whale hosts first exploited the food ге- 
sources of Tertiary Seas, Similary, terrestrial amphipods 
(Talitridae) that inhabil rain forest leat litter of Indo-Pacific 
and tropical rain forests, are unlikely to be older thàn the 
Стеїасса\ошв Period when angiosperm Forests first evolved. 
Indeed, fossil talitrids from amber deposits of Mexico and 
the Dominican Republic are of Eocene Age, well within the 
precited time frame (Bousfield & Ротаг, Jr., 1994), 


A Brief History of Previous Classificatory Systems 


Early classifications of the Amphipoda may be de- 
scribed as "arrangements" that seemd to have at least a seimi- 
phyleuc basis. Although the rationale for these arrange- 
інші seem not ro have been clearly "spelled out", the first 
comprehensive gaminandean grouping of (his type was 
арарагеп у proposed by C. S, Bate (1862) and continued 
among major workers by Stebbing (1388, 1906) and Sars 
(ESOS y, The classifications of both hyperiids and caprellids 
have long been organized on a phyletic or semi-phyletic 
basis (e.g. in Bowman & Groner, 1973, McCain, 1970; 
Vassilenko 1974; Laubitz, 1993) and sub-taxa higher than 
family level were often employed. 

With respect to sammaridean amphipods, classificatory 
systems {with variants) were characterized by the early list- 
ing of groups that were strongly sexually dimorphic in 
sensory features (e.g. ОГ eyes, amennae) and swimming 
appendages (esp. of pleopods, uropods and telson}. Мајн 
laxa listed carly in these treatments were presumed "primi- 
ее" and included several vegetatively fossorial families 
such as the Iysianassids, phoxocephabds, pontoporciids, 
ampelimscids and areissids, Intermediate listings included the 
amnhilochids, stenothoids, pleustids. paramphithoids, 
svnopiids, and families currently assigned to superfamily 
Eusiroidea. Advanced listings included “Targe-handed" 
types such as the Gammaridae, Гега пазе, and member 
families of whal is now the superfamily Corophioidea, but 
also contained some of the most strikingly spinose and 
ornamented groups such as the Dexaminidae, and the terres: 
nal Talitridae and relatives. The Caprellidea were univer- 
sally considered to be the most advanced of all ammphipod 
subordinal groups. During the first half of che 200 century, 
[his classificatory system was followed, with little variation, 
by most major workers, including Chevreux & Page (1925), 
shoemaker (1930) and Gurjanova (1951). 

In 1958, I. L Barnard introduced а purely pragmatic al- 
phabetical listing of Families and genera within the Garn- 
шапу са, upon which be expanded in a later descriptive and 
annotated compendium of world-wide families and genera 
(Barnard, 19693). He informally proposed, at various times, 
several phylelic systems, most notably based on the 
“Cammarks prototype. and on the "Corophium" (fleshy 
telson) ancestral type (Fig. 5). However, the "fleshy telson" 
thesis, expanded and detailed in subsequent papers, and in 
his major compendium on freshwater amphipods (Barnard 
& Bamard, 1983) appeared to be inconsistent with the 
overall morphological evidence developed by other work- 
ers, Although others soon adopted the alphabetical system 
(e.g. Ruffo et al (1983, 1990 ), his phyletic thesis received 
little published support elsewhere, As pointed out by Schram 
(1994), his co-muthar Оп Barnard & Karaman, 1983) wrote 
a dissenting opinion in a separate appendix to thal paper, 
Despite these informal phyletic proposals, the classification 
system of Barnard s subsequent collated works (e.g. Barnard 
& Barnard, 1983; Barnard & Karaman, 1991) continued to 
he essentially alphabetical. 
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Meanwhile, the need to develop а broadly acceptable 
basis for natural classification of related higher taxa was be- 
ing more widely recognized. Bulycheva (1957) achieved à 
phyletic "breakthrough" by introducing the superfamily con- 
сері. Talitroidea, that combined all terrestrial talitrid and 
aquatic hyalid-like families, The success of thts move was 
soon followed by J. L. Barnard's grouping of all "Пезћу- 
telson” tube-building amphipods within newly proposed 
superfamily Corophiatdea (1973). Similarly, the families 
of shallow-water g3:maridean amphipods of the М, Ameri- 
can Atlantic region were presented mainly in closely related 
groupings (e.g. Pontogeneiidae-Bateidae-Calliopiidae- 
Eusiridae, and. Dexaminidae- Atylidae- Ampeliscidae) each 
equivalent to an informal superfamily, by Bousfield (1973), 

During the mid-197(/s, however, the need to group 
related families was matched by an equally strong need to 
separate oul Бано unrelated major taxa that had long 
been submerged as iniormal subgroups within an "um- 
brella" higher category. Thos several distinctive free-swim- 
ming or free-crawling, marine, freshwater, and hypogean 
groups had previously been "dumped" within an increas- 
ingly large and and unwieldy heterogeneous family concept 
long known as "good old Gammaridae". Similarly, several 
families of free-burrowing but phyletically disparate 
amphipods (e.g. Phoxocephalidae, Hanstoriidae (Ponto- 
pereidae), Argissidae. the urothoids. and even the Dogiel- 
inotdae) had long been listed in close phyletic or semi- 
phyletic proximity (e.g by Sars (1893), Stebbing (1900), and 
Gurjanova (1951, 1962). The gammarcideans were soon 
broken up nio several new superfamilies including the 
Crangonyctoidea. Melphidippoidea, Melitowea (later Had- 
zindea), Boeidiellordea, with various family allocations (e.g. 
Ganunarellidac) to £usiroidea, etc. (Boustield. 1977). With 
the superfamily concept thus broadened, а phyletic arrange- 
ment of all gammaridew amphipods was then formaily 
attempted (Bousfield, 74a), Encouraged by the accept- 
ance of several of these linkages by Lincoln (1979), Holsinger 
(19923) and others, the superfamily and family concepts 
were further refined (Bousfield. 1982a, 1983), These 
included4 phylelic sorting out of the major sand-burrowing 
taka, areclassification still in progress (e.g, Bousfield, 1989), 

[а support of the initial formal phyletic arrangment of 
supertamilies, Bousfield (1979) developed a phylogenetic 
tree of relationships that 15 examined again in this study 
(p.125). Trees provide a quick "visual" of basic relationships 
hetween groups of organisms, and have been widely ac- 
cepted m eumalacostracan classification (e.g, Stewtng, 1963). 
By employing numerical taxonomic methodology modified 
fromm Sneath and Sokal (1973), these relationships became 
more widely acceptable (Bousheld, 1983). The classifica- 
поп was recognized in principle in Mark Ridley's (1983) 
explanation af organie diversity, and incorporated in Lowry's 
(1986) analysis of callynophore distribution and, with some 
reservations, in Schram's comprehesive book on Crustacea 
(1986), The chant of Bousfield (1983), summarizing the 
range of plesio-aporph y in selected character states within 22 
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FIG. 5, PHYLETIC RELATIONSHIPS WITHIN THE AMPHIPODA 
PROPOSED BY J. L. BARNARD (1969). 


sub-ordinal and superfamily categories within the Amphipoda 
is provided in Fig. 6 (p. 86). The character states are ordered, 
with plesio-apamoerphic values of О, 1, and 2, and the values 
apply to component families of the almond-shaped enve- 
lopes For each superfamily and subordinal taxon. An index 
of plesio-apomorph y (P.J A Index) was derived by adding the 
values across the 12 characters for each taxon and expressing 
(hem as a percentage of 24, the highest total possible. High 
РГА values denote advanced, and low values primitive, taxa. 
In terms of present classification orientation, we may note 
(hat the envelopes for superfamilies of Natantia range mainly 
below, and those of the Reptantia mainly above, the 50% Pr 
А level. А certain degree of overlap is notunexpected, where 
the more advanced groups of Natantia (e.g. Oedicerotidea, 
Hyperiidea, Pontoporeioxlea) range above, and the more 
primitive groups of Reptantia (e.g. Crangonyctoidca, 
Gamimaroidea) range below, the 50% level. 

Recently, computer-based methodology has been more 
widely employed and the results more widely accepted. 
However, these results may not necessarily correspond tothe 
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actual route through which а group of organisms evolved. 
Thus, using à Wagner 78 program, Schram and Brusca had 
(by 1986, above? produced a cladogram of relationships 
among amphipod taxa thal was "quite at odds with anything 
(then? currently in the literature". Although apparently yet 
unpubltshed. such a result would command respect. Brusca 
and Wilson (199 |} obtained highly credible results in reclas- 
sifving the Isopoda, using à number of cladistic analysis 
packages that included HENNICGS6 and PAUP (version 3,0). 
On the other hand, by means of a Wagner 78 program, 
Schram (1984) had employed 31 paired character states in 
developing 4 cladegrams of relationships of major taxa 
within the Eumalacostraca, all of which placed the Isopoda 
as the phyletically closest outgroup to the Amphipoda, 
However, the character states found to Бе phyleüeally 
"synapomorphic" in these two taxa (nos, 13, 14, 21, 22, and 
3| - i.c, uniramous thoracopods, pleopods lost or reduced, 
presence of thoracic coxal plates, eyes sessile, carapace 
absent? are features Ihat are especially vulnerable to broadly 
cumalacosiracan convergent evolution. Іп our view, the 
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FIG. 6. RANGE OF PLESIO- APOMORPHY IN SUBORDINAL AND SUPERFAMILIES 
OF AMPHIPODA (AFTER BOUSFTELD, 1985; 


basic differences between isopods and amphipods (e.g.. in 
embryonic development in mouthpart morphology, and in 
annulate vs. flabellate pleopods) are more significant and 
less subject to homoplasy: moreover, such character states ОГ 
the Amphipoda find much closer parallels within the 
Mystdacea апа Lophoeastrida. as noted in the analysis of 
Brusca and Wilson (1991), 

А recent analysis of amphipod classification. using the 
PAUP Version 3.0k program, has produced 5 cladograms of 
phiylogentic relationships of amphipod families and subor- 
ders considerably at variance within anything previously 
published (Kim & Кип (1993). However, the validity of 
these results has been questioned by Schram (1994), since 
the anlysis of the entire amphipod taxonomic assemblare 
considered only 20 families (about 15% of the total) and only 
16 characters (of more than 350 that could be deemed useful). 
А further review of that study also reveals that 10 (6259) of 
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the selected characters concem only mouthparts, uropads, 
and pleopads, of essentially non-reproductive orientation, 
and thus of probable lesser рћујенс significance. 

Investigations elsewhere coninbule usefully to the so- 
lution of problems of amphipod phyletic classification. 
Conlan (1990. 19913) 15 continutng studies on the signifi- 
cance of scxual dunorphism ot the gnathopeods and of mate- 
znarding strategies in the phyletic relationships. of 
carophiodean amphipods. As we find in the present study, 
her work applies more broadly across the supertamilies of 
Keptantia and across the Amphipxla generally. 

Other major workers in amphipod phylogeny аге inves- 
ligating potential amphipod-syncarid relationships (O. Н. 
Steele, L. Watling, personal communication). In prescni 
studies, we have vet found little evidence for such a relation- 
ship, but applaud their wide and stimulating interest in class- 
ificatory aspects of amphipod crustaceans. 


А New Approach to Amphipod Phyletie Classification 


As outlined previously (p. 77). the current status of 
phyletic classification of ihe Amphipoda finds no single 
system universally accepted or satisfactorily treating all 
major problems of natural relationship. 

The following semi-phyletic approach to classification 
of amphipod crustaceans is based primarily on reproductive 
morphology and behaviour, as outlined гесеп у by Conlan 
(1991a,b: Fig. 2, here), In summary, amphipods that search 
out and mate freely. usually in the water caluiin, tend to he 
closely related phyletically, and may ће collectively termed 
Amphipoda Natania. Those that mute on ог in оси sul- 
«rata, following a period of "mate-guarding" proximity 
between males and females, are less closely related to each 
olber phyleticalts, but exhibit such sunilarity of life style as 
to be сопуспюй у and pragmatically termed Amphipoda 
Reptantia. The primary features thal distinguish these two 
principal categories are given in Table , and treated in 
greater detail in the following text. 

Although this semi-phyletic approach covers all major 
groups of amphipods. ai subordinal and superfamily levels, 
it does not pretend to solve all problemns of natural classifi- 
cation, at ali taxonomic levels. In this essay we have 
attempted to rackle some of the more vexing problems, using. 
the Nalianua-Keptantia approach in a manner that may point 
to ultimately correct phrylelic solunons. Many problema 
remain unresolved and await input from yet undiscovered 
taxa, and broader input from more recent and more basic 
taxonomic tools such as ultrastructural analysis, electro- 
phoretic serology, and eventually DNA-DNA hybridization. 
Especially vexing to gross inorphological analysis are those 
laxa whose immediate characteristicsare “reptant” (at Гап у 
and generic level) but which prove more or less closely 
related to groups thal are primarily "natant". We conclude 
thal the problem of convergence is encountered in virtu-ally 
every facet of phyletic investigation, and allowances for this 
phenomenon must be made accordingly. 

[n the following sections we consider the phyletic sig- 
nificance of sexually dimorphic characters and character 
states, as evidenced in both the Natantia and Керталиа, Inthe 
first part of the analysis. we consider the antennal sensory 
organelles, reproductively significant Features of ће 
2nathopods, and ріл trends exibited by uropod 3 and the 
(21501, In the second part, we examine classificatory prob: 
lems posed by the present status of hyperiid-gammarnad and 
iigolfiellid-gammarid morphological relationships, and the 
difficulties encountered in the study of fossonal amphipods, 
and enigmate hypogean taxa, 

In our concluding section we present, in tabular form, a 
broadly revised listing of subordinal, superfamily, and fam- 
ily level {аха within the umbrella concept of Fatantia- 
Reptantia. Because the concept concerning Reptantia 15 
essentially pragmatic, and because cladistic taxonomic analy- 
sis is especially difficult to apply within the Amphipoda, our 
concept of higher level phyletic relationships is presented in 
the form of a phyletic tree, revised from previous studies. 
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Киз, 7. Матан And Keptant Amphipoda 
Eeproaductive Setting iafter Conlan, 1391), 


Іп a more complete study, we might have included 
analysis of oher major groups of appendages, especially the 
mouthparts, peraeopords, und pleopods. The significance of 
moulhpart morphology in the phyletic classification of 
amphiped crusiaceuns has been oullined previously for 
gamanarideans by Bousheld (1979, 10822, 1983, etc.) and 
Bamard (1969, cle.) Тог caprellideans by McCain (1970) 
and others, and forhyperiids by Bowman and Gruner (1973). 
In general, mouthpan morphology 15 a direct reflection of 
food preference and feeding methodology and is sigmficant 
mainly at the family level of classification. Although their 
character states seldom mirror reproductive behaviour, cer- 
tain features, especially of Ше mandible, аге considered 
basic tap phyletic classification, However, for development 
of more credible phyletic resulls we would advise Caution in 
utilizing mouthpart morphology to the exclusion of 
reproductively significant character states. 


The Natantia-Reptantia Semi-Phyletic Concept of Amphipod Classification 


Ina recent study of the enigmatic new gammaridean genus Aerianedes, Moore and Myers (1988) opined that amphipod 
classification lacks a “soundly based analysis" of higher taxa or à “well founded" phylogeny, Such à comment may 
technically be true in a cladistical analytical sense. However, it apparently overlooks the long period of systematic stability 
during the first half of this century when the most widely accepted classification of amphipods was based on the semi-phyletic 
arrangements of Sars (1898), Stebbing (1906) and other major workers, The lack of cladistic analyses in no way prevented 
development of universally accepted natural classifications within other major animal groups, e.g. Mammalia, Aves, 
Reptilia, to name а few. In this study, the new higher classificatory concepts are based on what might be termed. "first 
principles” that may be tested cladistically at a later stage, and are diagnosed and described as follows: 


AMPHIPODA "NATANTIA" 


1, Primarily strong swimmers during reproductive behaviour, even where the vegetative life style is 
benthic ог infaunal; 

2, Sexes mare freely (usually synchronously) in water column, or onlin the substratum. 

3, Sexual dimorphism: in mate-secking males, the body form, antennal size and armature, eye size, and 
structure of the pleopods, шгорой and telson differ, usually strongly, from those of the female. Sexual 
dimorphism in gnathopods is weak or lacking. The male is typuially smaller than the female. 

4, Male morph has а determinate moult cycle (6-8 stages): the adult stage is terminal and the male dies 
after mating. Females are usually seumelparous. 

5. The male antenna 1 is nearly always equipped with a callynophore: peduncular segments 3-5 of antenna 
2, bear anterior marginal brush setae, Сакеоћ are frequently and variably present on one or both anten- 
пас, The flagellum of antenna 2 is frequently elongate in the male, 

б. Reproductive behaviour typically docs not involve pre-amplexus, except m in some Oedicerotoidea, 
and a [cw other phyletically advanced taxa, 

?. Almost all taxa are exclusively marine, often with strong representation inthe deep sea (Lysianassoidea, 
Phoxocephaloidea, Siegocephaloidea. Hyperiidea, Synopioidea, Pardsuscoidea, Dexaminioidea, 
Ampeliscoidea, Melphidippoidea. А few eusiroideans, melphidippoideans and allied eroups (e.g., 
Phreatogammarus, Sensonator). and some oedicerotoideans inhabi fresh water, and pontoporeicideans 
inhabit mainly fresh or brackish waters. The vegetative life style is free-living or commensal: a few 
lystanassoiteans and pardaliscaideans аге ecto-parasitic. Some eusiroidean genera (within Pantogenetidae 
and Calliopiidae) and а few melphidippouleans (Plrreatogammarus and Sensonator] are hypogean in 
[resh water. 


AMPHIPODA "REPTANTIA" 


І. Primarily mate-guarders during reproductive behaviour. Free living forms tend Io be carriers, an utilize 
griathopods in pre-amplexus with the female until ber ovulating moult. Tube builders and semi-sessile 
groups are mate attenders. 

2, Sexes male on or in the botlom, rarely in water column. 

3. Sexual dimorphism of gnathopods is usually strong, The male is typical larger than the female but 
otherwise not markedly different in form. The antennae may diller in size sexually.. 

4. Маје morph growth stages are indeterminate( 8+) with two or more sexual instars; continues to feed and 
mates continuously after maturity. Females are usualluy iteroparous. 

5. Male antennae lack callynophore and brush setae and are seldom rarely equipped with calceoli, except 
in some primitive taxa. The flagellum of anntenna 2 is not elongated. 

6. Mating behaviour involves involves pre-amplexus and/or inate-atiending agonistic displays by males, 
atten of lengthy duration. 

7. Most groups are marine (Leucothoidea, Caprellidea) or mainly so (Hedzioidea, Lilje-borgioidea, 
Ingalfiellidea, Corophioidea) but with relatively limited representation in the deep sea. Nearly all have 
freshwater representatives. The vegetative life style is Fre-living or commensal, fossorial ог domicolous, 
and occasionally parasitic (external), The Crangonyctoidea, Gammaroidea, Bogidielloideaand Talitroidea 
are primarily (ог nearly exclusively? freshwater and/or terrestrial, АН groups except the Leucothoidea, 
Corophiioidea, and Caprellidea contain one or more hypogean species, and the Bogidielloidea and 
IngolfieHidea are exclusively 50. 
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The Callynophore 

The possible significance od the callynophore in phy letic 
classilication of amphipods was first introduced by Lincoln 
and Lowry {1954 and amplified formally ћу Lowry (1986), 
This structure consists of а bundle of generally close-set 
acsihetascs on ће posterior. or postero medial, margin of the 
fused (от conjoint? Виза! seements of the Пале ит of amen- 
na 1. The callynophore is distributed across a wide spectrum 
of amphipod (аха. mcluding all H vperiidea, but is churacter- 
istic of superfamily groups within the Natantia (Fig, 2), И 
alscaccurs widely across pelame manne Malacostraca such 
as the Mysidacea, Lophogastriska, Euphausiacea, and Deca- 
poda Мааппа ieg. Dendrobranchiata, Caridea) (Lowry. 
1956). The structure alos) vceriainlv occurred in extinct 
presumably pelagic malacosiracan groups such as ће Pygo- 
cephalomorpha (MIysidacea) and various "Еосипбасса and 
Waterstonellidea. bul present interpretation of fossil spect- 
mens does nor clearly demonstrate this feature (c.g. in 
Schram. 1986). However, the callvnophore occurs only 
sparsely 11 neproduciiyely pelagic males of the infaunal 
Cumacea, and is care (perhaps secondarily developed?) in 
isopods. Iris apparently lacking in stomalopods, syncarids, 
and all otber essentially benthic, repam, or freshwater mat- 
ОЈ, 

With respect із function. since the callynophore con- 
ists of acsthetascs of various sizes and densities, its primary 
role is almost certainly chemosensory, but in some decapads 
may also be tactile or mechanical. in mosi amphipod groups 
the callynophore is developed only in the final adult male 
instar, and would seem to be of direct reproductive sizmifance 
in the detection of females within the water column. How- 
ever, in some generic groups (єн, within. Lysianassoidea. 
Synopicidea), call ynophore-like structures may alse be pres- 
eni in mature females and subadull stages, perhaps indical- 
ing à possible secondary role in detection of food resources. 

Representative forms of callynophores. within the Am- 
phipoda. are illustrated in Fie. 8. Lowry (1986) has de- 
scribed а oae-field arrangemenm of the callynophore within 
fanihes Platyrshnopidae, Urothoidae and Phoxocepahlidae 
| PhoxocepliaIoidea), а condition he considers primitive, and 
in some hyperiids (2.2. Archaeoscinidàe), perhaps converg- 
env. Іп all other taxa the arrangament is Dwo-Tiekt. The 
callenophore is especially sirongly developed in pelagic 
carnivores and nevrophages, often where caleeoti are weak 
or lacking. such as within the Lysranassoidea. 5ynopioidea, 
Pardaliscoidea. Stegocephaloidea. and Нұрспійен, How- 
Cver, with few exceptions, the eallynophore is weak ог 
lacking in reproductively pelagic but vegctauvelsy benthic 
zrogps such as the nestling Dexaminoidea and tube building 
Ampeliscoidea,. and the fossorial Рћохосерћајонјеа and 
Раторогекмдеа, H is also weak or lacking in several 
subgroups within Natantia where the total life cycle isessem- 
ially benthic and тайпа! (e.g. Haustoridae 1, or commiernsal- 
parasitic (e.g. some Lysiansssoidea) and/or where 
preamplexing reproductive behaviour has secondarily and 
convergenily developed (e.g. in Paracalliopiidae and 
Exoedicerotidae within Oediceroteidea?, Curiously, the 
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-allynopheore 15 surpüsingly infrequent, or weakly devel- 
aped, in the mainly marine, but mainly acalceolate family 
Gedicerotidae and, within superfamily Eusiroidea, is appar- 
enily restricted to the pelagic, primitive family Eusiridae. 

The callynophore is almost totally lacking іл the 
reproductively benthic Reptantia, including the Caprellidea 
and пес бе ел, even in those thal have apparenily be- 
come secondarily pelagic (e.g, Macrobectopus: Gammar- 
еа), However, callynophorate-like structures have been 
reported from a few Amphiloctidae (e.g. Ausrropheenoide s, 
Peltocoxa) and Cressidae (Cressa cristata) within the pritni- 
Ике subsroups of Leucothoidea (Lowry, 1986). 

We may reasonably conclude, therefore, that the 
caliynophore (and их character states) offers one of the 
potentially most nseful criteria of reproductive life style 
within the Amphipoda. Although its occurrence across the 
spectrum of amphipod superfamilies 15 subject to some 
homoplasious tendencies, such aberrancies may be cor- 
related with non-reproducltive life style and are thus predict- 
able. In broader perspective, the presence af a callynophore 
is a plesiomorphic. or basic feature of malacostracan repro- 
ductive morphology, and in our view provides à primary 
basis for development of a phyletic classification within the 
Amphipoda. 


Antennal Brush setae 

The term “brush setac" was first applied by the author 
i Bousfield, 19793) 10 describe the dense tufts or clusters of 
short brush-like setae that variously line the anterior margins 
of peduncular segments 3, 4, and 5, of antenna 2. A more 
refined term "callynoseiae" might be сой from the Greek 
raatemploved ћу Lowry (1986) in naming the callynophore. 
Brush setae may occur also on the posterior (lower) margins 
of peduncular segments 1-3 of antenna 1 (ет. in Dexamin- 
онјеа). To date, brush setae have been found only in the 
terminal male stage of pelagically reproductive amphipod 
superfamilies, and not vet іп subadult males, females and/or 
Hrunatures. They also occur in pelagic males of other pera- 
caridan taxa sgth às the Cumacea and Mysidacea, Brush 
setae are weakly to moderately developed in calceolate am- 
phipod taxa such as the Phoxocephaloidea, Pontoporeioidea, 
Eusiroidea, Oedicerotoidea, and Lysianassoidea. They аге 
almost invariably present, and most strongly developed, іп 
non-calceobte supetfamilies of Natantia such as the Pardal- 
iscotdea, 5 упори јез. Dexaminoidea, Ampeliscoidea, and 
Melphulippoidea, bit are less well developed or even rare 
within the Stegocephaloides and Hyperiidea (Figs. 8, 301. 

The funchon of brush setae 15 yet unknown and conjec- 
tural. Although they have not yet been studied in ulta- 
structural detail, in gross morphology (hey appear as modi- 
lied setae. rather than thin-walled as in aesthetascs, Their 
role may be tactile, during the process of copulation, when 
the male is brieily in close contact with the female. The 
presence af brush setae only in males and only in plesiomor- 
ріне taxa (within the Natantia) suggests strongly that their 
function is of reproductive significance, and thus potentially 
of primary value in phyletic classification. 
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FIG. 8. TYPES OF ANTENNULAR CALLYNOPHORES 
[after Barnard (1969), Bowman (1973) and other sources] 
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The Calceolus: Occurrence within the Amphipoda. 


The possible sisnificance of antennal calceoti in the 
phyletic dassification of the Amphipoda has been alluded to 
variously by Bousfield (19793, 1983), Lincoln and Hurley 
(1981), Lincoln (1984) and more recently by Godfrey. 
Holsinger & Carson (1958), Stapleton, Williams & Barnard 
(1988), Holsinger (1992), and Steele & Steele (1993). 

The principal features of these antennal microstructures 
have been outlined by Goditey eral (1988), with special rel- 
erence lo those of genera within the primitive superfamilies 
Crangonycioidea and Gammaroidea of the Reptantia. The 
calceolus ік а slipper-shaped membranous microstmcture 
attached variously to the anteromedial segmental margins of 
ihe flagella and peduncles of both antenna | (antennute) and 
antenna 2, The combination of its structural form fin 
advanced Forms: similar to that of а parabolic radar dish”). 
anil its anterior aniennal location, may indicate thal i func- 
lions primarily as а mechanoreceptor for detection of aquatic 
vibrations. However, its ennervatiu and connection to the 
brain bas not yet been ascerture: nor have micro-acoustical 
studies vet confinmed its true function, The calceolus is not 
to be confused with the aesthetàsc, а sublinear thin-walled 
microstructure of mainly chemosensory function, found 
only on flagellar segments of antenna 1 in nearly all species 
of Amphipoda. The aesthetasc also occurs widely across 
malacostracan ordinal subgroups, including the Decapoda, 
The calceolus ts also readily distinguished from brush setae 
and other seta-hike structures co-occurring On añtenmngl 
peduncular and flagellar segments. 

Representative types of ainphipad calceoli are Низ. 
waited here (Figs. 9810) Calceoli-like structures are found 
on the proximal flagellar segments of antenna 1 (male? of a 
few athermalacostracans, notably within the Syncarida | An- 
aspidacea: Коплинега cursor) and the Mysidacea (Mysida: 
Xenacanthomysis piendomacropsis), Such structures are 
nol considered calceoli by Lincoln (pers. comimunmc.) and 
may be of different function. or convergent in form. How- 
ever, they arc. included Іште às of possible phylene sipniir- 
cance within the Malacostraca and, in our view, merit further 
detailed comparative micro-anatemical and behavieural 
studs. 

Within the Amphipoda, the calceolus of the 
Crangonyctoidea (Figs. ФАО) appears to be the most simpli - 
fied, and probably most plesiomorphic in form (category ©, 
of Lincoln and Hurley, 1981). It consists only of а basal 
stalk and elongate (usually narrow, occasionally distally 
broadened) body that bears numerous (20+) elements of 
similar simple structure. Holsinger (1992) has distinguished 
two subtypes of calceoli within the Crangonyctosiea. The 
calceolus of northern Crangonyctidae is slender and ebon- 
gale, with an simple branched internal "trec-trunk " oonfigu- 
rati, Some separation of basal elements іп Cramgonvx 
richreondensis (illustrated by Godfrey et al, 1988} are 
suggestive of "proto-receptacles". By contrast, the calceolus 
af ће austral Sternophysingidae and Paramelitidae 15 typ- 
ically broad, paddle-shaped. and iis internal tree-rrunk con- 
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liguralion has more numerous indistinct branches, a 
seemingly more prindive condition. Im slighty more 
advanced types of calceoli (Fig.W: Phoxocephaloidea), the 
elements are fewer (10-15 іп Platyischnopidae; 4-6 in 
Phoxocephalidae у: und the body may be short and spatulate, 
ar barre|-shaped, as in «ome Phoxocephalidae. 

Іп more advanced types of calceoti, the basal clement is 
broadened and mod: ед into a receptacle (weakly developed 
in Pontoporcioidea and Cammaroidea, strongly 50 in Eusir- 
cidea) and the stalk is distally expanded into a bulla or 
resonator, weakly and more strongly in those same groups. 
respectively, In some Pontoporcioidea (Bathyporeiidac). 
finger-like processes protrude over the proximal elements. 
In the most advanced types of caleeoli (viz. in some 
Eusirnidea: Gammarellidae, Eusiridae; Pig. 9), and in some 
pelas: Lysianassemdea (c.g. fchnopus spp. Lowry and 
саг, 1992), (be distal elements are few and widely 
separated from one or more large, cup-shaped receptacles, 
and the bulla is prominent. 

With respect to the Eusirotdea, Steele & Steele (1992) 
found two types of calceolt in Gammarellus angulosus, viz, 
а large "pentogeneiid" type and а smaller. but more cam- 
plex "gammarellid" type. The former occurred singly only 
on Пас Паг segments of first and second antennae of mature 
males. The latter were found encircling the flagellar seg- 
ments of larger immatures and females as well as mature 
males. Althoush Steele & Steele (doc, cj) have urged 
caution in the use of calceol in higher classification, their 
work may be interpreted as directly supportive of such use. 
Thus, the basic pontogenetid type, іп males only. would 
directly link the Gammarellidae to other families with simi- 
lar male-only calceoli, now placed within superfamily 
Eusiroidea, The smaller, more specialized calceoli of all 
sexes and stages of Gummarellus, are almost certainly not 
reproductively significant. Instead, these may assist m the 
detection of pelagic prev organisms by all life stages of these 
гарта! predators. 

The evolutionary morphological sequence within the 
calceoli portrayed here is believed to match more closely the 
phylogeny of conesponding superfamily groups. based on 
other character states (see below), than does the somewhat 
pragmatc sequence originally provided by Lincoln and 
Hurley (1981), 

А graphical рісі of the types of caleeoli and their 
distribution by antennal site, sex, and higher taxon, can be 
linked by means of a branching arrangement with relation- 
ships that, in part, are remarkably similar to phyletic ar- 
rangements derived chsewhere from analysis of other char- 
acter states (Figure 11). In the first bwo categories, iis 
amangement goes somewhat beyond the relationships pro- 
posed ћу Lincoln (1934) on the basis of the taxonomic 
(classificatory) distribution of calceoli. Inthe present chart, 
the positions of the major taxa іп the various “boxes” are 
correlated primarily with the distribution (or lack) of calceoli 
on one or other (ог both) antennae. along the horizontal axis 
and with the morphological type and its sexual occurrence, 


B. MYSIDACEA 


Ausgtrogarmmanus 


&p. 


Bath yporeia quoddyensis 
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Weyprechtia pinguis 


D. EUSIBOIDEA 
Parateptamphopidae 


Praetfulkinndella Paraleptanphopus sp. 
cuspidata 


FIG. 9. TYPES OF CALCEOLI IN GAMMARIDEAN AMPHIPODA AND 
POSITIONALLY SIMILAR ORGANELLES IN OTHER MALACOSTRACANS 
[modified from Lincoln & Hurley (1981) and other sources] 
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CHANGONYCTOIDEA 


CRANGONYCTIDAE 
PARAMELITIDAE P 


Реја ргапсћјала Crangonyx пећтопдепаја 


PHOXOCEPHALOIDE A 
PHOXOCEPHALIDAE 


Tipimeginae 
Waitangi ap. 


Pontharpiniinae 
Мапстријарћтахџг ер. 


PLATYISCHNOPIDAE 


Eudevenopinae 


Platyischnopinae 


Urothoinae 
Urothos ар, 


FIG. 10, PLESIOMORPHIC CALCEOLI: REPRESENTATIVE SUPERFAMILIES 
AND FAMILIES [after Jarrett & Bousfield, (1994 a, b), Godfrey ei nl (1988), and other sources] 


on the vertical axis. The vertical and horizontal axes also 
simulate, fanwise, an approximate evolutionary time scale 
tor the probable first appearance of the ancestral type of each 
major taxonomic group. 

In this tentative scheme, the arrangement 15 rooted in a 
presumed mysid-like out-group in which caleeolus- like strug- 
lures were possible (CF Хепасатћотук а; Fig. 9), at least on 
ñntenna 1 ofthe male. Such structures very probably 
occurred in presumed former ерірсап and pelagic marine 
ancestors of the now hypogean relict suborder Ingolfiellidea. 
and of the continental fresh water-endemic Crangonyctoidea. 
Such epigean and marine ancestral types have not vet been 
found extant, or in ihe Fossil record, hut are predicted from 
this study and from earlier considerations (e.g. Bousfield, 
19526), Inthis two-dimensional scheme, all members of the 
seven calecolate superfamilies, and the enigmatig 
imelphidippoidean?) hypogean calceolate Sensonaror 
valentiensis Notenboom (1986), cannot be confned cleanly 
within апу given graphical box. Such variance is altributable 
ta parallel development, diversification, and subsequent loss 
af сајсеоћ from the antenna of both sexes, presumably ш 
response to changing life styles within the various taxonomic 
subgroups. Notably, the more strongly calceolate super- 
family groups (calceoli on both Al and А2, left column) аге 
those in which members are primarily pelagic and/or mate 
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freely in the water column. These include most of the 
Phoxocephaloidea, Pontoporcitidea, Гузтапазхонијса, 
Eusiroidea, and Oedicerotoidea. The less strongly 
calceolate superfamilies (with rare exceptions, саісеој on 
AZ only, right column} are found in the most primitive 
members of benthic superfamilies of the Reptantia, such as 
the Crangonvcloidea. and Gammaroidea. The position of 
acalceolare superfamilies is tentative, but is guided partly Бу 
the. presence or absence of an antennal callynophore and 
other presumably pmitive, often vestigial characters such 
as male antennal brush setae (sce below). 

With respect to the sexes, the more primitive Lypes of 
calceoli occur (with very few exceptions) in the ‘males only’ 
ratesory of presumed most primitive superfamily taxa such 
as the Crangonycteidea, Phoxocephaloidea, Pontoporeioidea, 
and most of the Lystanassoidea (upper бо rows). Calceolate 
females are frequent in pelagic (espectally raptorial) mem- 
bers of Eusiroidea (e.g. Eusiridae and Gammarellidae?, іп 
some large hypogean predators in more primitve groups (e.g. 
Crangonyx packardi, Sensonator, p. 123), but rare in the 
[ossorial Oedicerotilae, and benthic Gammaroides. 

With respect to caleeolus morphology, the more ml- 
vanced types occur mainly in the carnivorous family sub- 
groups of the pelagic-mating Eusirioidca and Oedicerotoidea, 
and in the primitive benthic Gammaroidea (lower two rows). 
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FIG. 11. PHYLOGENETIC RELATIONSHIPS WITHIN THE AMPHIPODA ACCORDING ТО 
ANTENNAL DISTRIBUTION AND SEXUAL OCCURRENCE OF CALCEORLI. 


AMPHIPACIFICA VOL. 1 №0.3 OCTOBER 15, 1994. 04 


These distributions suggest thal анхо developed imi- 
па ју (in males only) as a device presumably for detecting 
species-specific swimming vibrations of females at mating 
time, Thecalecoli became have become secondarie у adapted. 
and more complex structurally (in free-swimming raptors), 
Гог detection of escape vibrations of free-swimminp роу, 
und thus developed in females and immatures, as well as in 
reproductive males. As maling styles changed [rom pelagic 
to benthic and/or hypogean, lotic to bentic. marine Lo fresh- 
waler, volving pre-amplexus (see below), the primary role 
ot caleeoh correspondingly diminished or disappeared. The 
of reduction and disappearanceof calceoti from male amen- 
nae was apparently first from antenna L. and then antenna 2: 
in the latter, the sequence was First from the рсе, and 
finally from the tlagellum. However, as noted above, cale- 
вой persist (or become secondarily developed) in both males 
andiemales of some epigean (e. p., in some Anisogammaridae 
and Gammaridac) and/or cave pool amphipods (eg. in 
Crangonvr packardi and Nrernophysinx calceola of 
Crangonyctoidea; Sensonaror valeniiensis (Melphidip- 
poidea?), and some large paraleptamphuptid eusirotdeams of 
New Zealand) (Bousheld, 1980) where lite styles presum- 
ably remain free-swimming and raptorial. 


Gnathod Structure and Phyletic Significance 

Of ali morphological characters of amphipod crusta- 
ceans, the enathorods (peracopads | & 2 of Formal malac- 
ostracan terminology) have previously been considered one 
of the most significant and fundamental indicators of high 
level phyletic relatioóuships. al least within the suboclers 
Cammaridea (Stebbing, 1906; Витагд & Karaman, 199) y; 
and Caprellidea (Laubitz. 1993; Takeuchi, 1993), Initially, 
and based оп early taxonomic studies on intertidal »roups of 
"good ak Gammandac" af northwestern Europe (Т. H. Stock 
concept) the sexually dimorphic. powerfully subchelaic 
form of the gnathopeods, unlized in sexual precopulatocy 
carrying behaviour in (he male, was considered by many 
workers as the basic or ancestral amphipod reproductive 
form (e.p., Barnard. 19693). More recently, however, ex- 
tensive comparative morphological studies have been uen- 
ducted on gnathopods and other phyletically significant 
characters (e.g. Bousfield. 1979a, 19872, 1083, 1986), and 
the scope of their function in reproductive behaviour (0,2, 
Borowsky, 1984; Conlan, 19% 1a). These studies have vorre- 
lated enathopod morphology and sex ual dimorphism, across 
а rather broad spectrom of amphipod Superfamilics, with à 
pre-amplexing and/or mate-guardimg fonn of reproductive 
behaviour. As summarized partly by Schram (1986). this 
Купи o£ reproductive behaviour 15 now considered hy most 
workers as relatively highly evolved and specialized within 
the Amphipoda аз а peracaridan groupe 

What then might be the probable ancestral form of the 
pnathopods, and concomitant. ancestral reproductive life 
style within ihe Amphipeoda? We might first look at 
rnathopeod. structure in members of various superfamilies 
that are classified as primitive on the basis of other 
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plesiomorphic character states (per Bousfield 1979, 1983, 
etc.). The Lysianassendea is one such superfamily group for 
which the distal portions of gnathapods | & 2 of species 
representative of fe more primitive component families 
iValettidac and Unstidae? are detailed in Fig. 12. In the 
very primitive genus Valertiojsis Holmes (see Barnard and 
Ingram. 19905, the carpus and propod of both znathopods (in 
both sexes) are &ubsimilar, moderately slender and elongate. 
each with subparalle]l anterior (upper) and posterior (lower) 
margins. The propad is weakly but normally subchelatc, the 
dactyl short and closely Fitting the slightly oblique palm, In 
the slightly more specialized genus Hireadelia , the carpus 
of gnathopod 1 is relatively short and shallowly lobate 
below. The propod is shehily narrowed distally, with an 
excavate palm. overlapped by the up of the dactyl. In 
enathopod 2, lhe propod is relatively short, and the palm 
stighily oblique forwards (parachelate). In the genus 
Кетпей, gnathopod | is lithe different, but in gnathopod 2. 
ihe propod has become much shortened, and the palm and 
dactyi much reduced in size to fonn а micro-subchela that is 
tvpical of the more advanced families and genera within 
Lysianassoided, Wilhin Orchomenella (Family пенде), 
in addition to the micro-subchelate form of gnathopod 2. 
gnathopod 1 has also become structurally modified in having 
3 much shortened carpus, with relatively narrow and deep 
posterior lebe, amd the propod Баз become broadened, and 
the palm and dactyl enlarged and slightly parachelate. 

In summary, despite minor modifications within ап in- 
creasingly sophisticated. generic series, we may note thal 
ihe plesiomorphic form of both gnathopods may һе de- 
scribed as non sexually dimorphic and weakly subchelate, 
with slender carpus and ргорсмі, Within те Lysianassoidea, 
characterized by gnathopods of the above type, mating takes 
place freely and rapidly in the water column, and there is no 
pre-amplexus or mate-zuarding phase. 


Gnathopads within Natantia. 

M we examine а much broader range of superfamilies in 
which repraducnve or mating style is free wilhin the water 
column. and ihe taxa are relegated to the subgroup Natanta, 
а comespondingly broad range of gnathopod types сап be 
идетиз Лед (Figs. 12,13) Within the primitive fossorial 
Phoxacephaloidea. snathopod types range from the Dasi- 
cally plesiomorphic form outlined in the Lysianassondes 
(above), to а cusiroidcan form with powerfully sub- or para- 
chelate propod and Чао and slender posteriorly lobate 
carpal wrist. In some specialized Iysianassids (hyperiopsids), 
eusiroideans (leptamphopids), slegocephaloideans, 
pardaliscaideans. symnopioideans, dexaminoideans 
(lepechinellid&), ampeliscoideans, and some melphidip- 
poideans (Melphidippidac), the carpus and propad (of both 
gnathopods) may be secondarily abnormally elongated and 
slender. In others, especially the highly modified and 
specialized members of the fossorial, micro-carmnivoraus 
family Oedicerotidae. the gnathopods areraptorial or fassortal, 
but typically unlike in form. and the carpus ts often much 
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FIG. 12. FORM OF GNATHOPODS | & 2 IN LYSIANASSOIDEA 
[after Barnard & Ingram (1990) and other sources] 
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FIG. 13. FORM OF GNATHOPODS 1 & 2 IN SUPERFAMILIES 
OF AMPHIPODA NATANTIA (from various sources) 
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shortened and strongly produced posteriorly, th entire ap- 
pendage functioning perhaps as a digging tool, as well as a 
raptorial! chela. In hyperiids, the gnathopods are usually 
short and simple, nearly alike in lonn, and may serve mainly 
as accessory mouthparts (maxillipeds, as in decapod crusta- 
crans). — Inihe examples above, and in nearly all compon- 
ent family members of those superfamilies, Ше gnathopods 
are non- sexually dimorphic. 

However, exceptions to this general trend within the 
Natania are noted here, Thus within the vegetatively Fossortal 
family Pontoporeiidae, although the reproductive style is 
pelagic and free within the water Column, the gnathopods are 
also weakly but distinctly sexually dimorphic (sec also 
Boustield, 1987). Such a morphological anomaly may be 
vestigial, and represent a clue to phyleuc relationships with 
other supertamlics such as the Cammaroidca. Thus, im such 
a scenario, we may presume а non-fossorial and pelazic 
common ancestor 10 both groups. However. in order to 
exploit food resources of physically harsh. lotic, intertidal. 
estuarine and fresh-water habitats, the ancestor may have 
become secondarily reproductively benthic, ard developed 
weakly sexually dimorphic gnathopods and pre-amptlex пе 
mating behaviour, Today, И5 descendents that developed 
even more strongly sexually dimorphic and pre-amplextne 
znathopods (іс, now within the Gammoaroidea) are wide- 
spread and highly successtul in those physically rigorous 
habitats. By contrast, those that became fossorial in bottom 
sediments (i.e. now within the Pontoporeiidae) are today 
confined to lemic. lacustrine. or subtidal паба within 
those environments thai are still accessible іп non- 
ргештрјех пе reproductive life styles. In another evolution- 
ary direction within (hat same superfamily, members of 
family Haustoriidae are characterized by weakly subchelate. 
non-amplexing pnarhopoxdis, yet almos certainly mate gdi- 
rectiy on or within the bottom sediments, not in the water 
column, 

A parallel set of life styles and monphologics mark the 
Cheidae and most genera of Urothoidae within the austral 
fossorial counterpart superfamily Phoxocephaloidea, This 
phenomenon of superficial similarity has beer demonstrated 
as an схатріс of convergent or homoplasious evolution in 
otherwise phyletically very distant groups (see Bousfield, 
1989), rather than an indicator of close natural relationships 
аз proposed by Barnard and Drummond (1982) and main- 
tained by Barnard & Karaman (1991), 

Weakly sexually dimorphic gnathopods are also typical 
cf same Deximinotdea, and most of the Melphidippeidea 
(including the fossorial Megaluropulac), On the basis af 
other character states, and of some earlier Held observations 
(e, £. of Enequist, 1950), members of both superfamilies pre- 
sumably mate freely within the water column, Howrver, 
many members within these groups are пе ска, commensals, 
or otherwise in the process of penctraung shallow water, 
especially of anchialine brackish habitats of tropical and 
warm-waler regions, where à prc-amplexing reproductive 
life style is likely advantageous. In a similar scenario, in 
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which phyletic relationships are sought, we сай reasonably 
look to а common ancestor far the Dexaminoidea and for the 
fassorial Ampelicoidea іп which the gnathopods are поп 
sexually dimorphic. However, ће morphological specializ- 
ations and tube-building capabilities of the fossorial 
ampeliscoideans have resulted in their enormously success- 
ful divereicauon and dominance in marine sedimentarv 
habitats, even. becoming major food items for eschricud 
baleen whales. The presumed para-ancestral Dexaminotdea. 
however, arc common in gondwantan regions (e.g. Austral- 
ian coastal waters) bur arc riw relatively rare and virtually 
relict in shelf habitats of the northern hemisphere i Bousfield 
& Kendall, 1994) . 

Within tte Melphidippoidea, sexual dimorphism of the 
enathopods is weakly Io moderately strongly expressed, but 
is distinctly present in all members. 1 is also characterized 
(in the male) hy a consistent similarity in appearance ОГ 
gnathopads ] & 2, although these differ markedly (between 
themselves) in size and form (Figi4 botom). These 
enathopod characicrisiics are found elsewhere widely within 
the Hadziowdea (especially in the Melitidae) that are now 
much more widespread in tropical and temperate, coastal 
inarince and brackish habitats. In combination with other 
character states (e.g. of the antennae, uropods, and telson, 
екс.) these gnathapod similarities may be extended, perhaps 
less strongly, to (ће Pheeslogammandae of brackish anil 
fresh waters of New Zealand (e e. in Bouslield and Rutig, 
unpublished), possibly even io the hypogean brackish- and 
fresh-water Bovidiellosdea, andeventoNorenboom s ( 1986) 
remarkahle, hyposecan (but саісесініс) Sensonaror.— 1n this 
vein, we are left with the exciting possibility, requiring much 
further investigation however, that present members of the 
manne ап semi-relict superfamily Melphidippoidea are 
close tà a postulated common ancestor to all of the above 
tàxonomic groups (see phylogenetic tree, р. 126). 

Finally, we may note within the group of superfamilies 
of Natantia, sexua! dimorphism weakly expressed in 
snathopods of certain austral freshwater members within 
certain freshwater members of superfamily Eusiroidea. but 
more strongly expressed within fresh and brackish water 
members of. Exoedicerotidae and Paracalliopitdae (see also 
Bousfield, 1983). The freshwater cusiroulean spectes of 
Falkiandelia Schellenberg, 1931, and PraefatklandelHa Stock 
& Platvoct. 1991 (as in counterpart АТАС species of Para- 
leptamphopas)are characterized by a dominant g nathopod | 
that ds weakly sexually dimorphic, and may have а pre- 
amplexing Function. However, peracopod 3 of Fatklandellu 
lš also strongly sexually dimorphic, being carpochelate in 
ihe male (as in some species of Parmelita (Crangonyctaidea) 
and in many aquatic asellid isopods). This latter appendage 
пау function in pre-amplexus, as it does in the isopods, but 
pertinent behavioural studies have not vet been made on 
these remote and presumably relict freshwater amphipod 
groups. In ihe antipodeam oedicerotid families (above), the 
enathopids are typically strongly sexually dimorphic, with 
ипаћарој 2 dominant ілапајс&. А pre-amplexing carrying 
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FIG. 14. FURTHER FORMS OF GNATHOPODS 1 & 2 IN SUPERFAMILIES 
OF AMPHIPODA NATANTIA (from various sources) 
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of females Ву males is typical (Chapman & Lewis, 1976; 
personal observation} Members of these two fossorial 
amphipod families art almost entirely intertidal, cstwarmne 
and fresh-water in their ecological affinities. Their form of 
znathopod morphology, and pre-amplexing benthic repro- 
ductive behaviour is typical of the Reptantia. Within a 
superfamily of Natantia. these characteristics have virtually 
certainly been independently derived and are homoplasigus 
with the condition in their zammaroidean taxonomic and 
ecological counterparts of the northern hemisphere. 

Wemay conclude therefore that amphipod superfamilies 
herewith grouped within the category Мааппа аге түріде 
by pelagic reproductive (naling) behaviour, and by non- 
sexually dimorphic gnathopods that are primilively weakly 
subchelate and subsimilar inform. A few subgroups within 
certain nalant superfamilies evince a more reptant form of 
reproductive behaviour and gnathopod morphology. These 
exceptional instances can be explained, at least tentatively, 
on the basis of (1) а secondary use of sedimentary benthic 
substrata as а “fluid” mating medium wherein sexually 
dimorphic enathopods and pre-amplexing mating behaviour 
may not be required (e.g. іп Haustoriidae; Cheidac, 
Urohaustortidac};(2) an independent or convergent evolu- 
tion within geographically isolated sub-taxa that have been 
exposed to similar, mainly ecological, evolutionary stresses 
(eg. southern families of Oedicerotoidea) (3) à morph- 
ology vestige of presumed ancestral types whose evalütion- 
ary "thrust" devolved mainly into other super-family groups 
that are, today. essentially "reptant" in reproductive Ше style 
(e.g. in Pontoporeiidae); or (4) a probable extant precursor 
of more successful (biogeosraphically and ecologically mare 
widespread and diverse) descendent modern. taxonomic 
groups (e.g. in Dexaminoidea. Melphidippoidea). 


Gnathopod structure and function in "Reptantia" 

The types of gnathopods representative of component 
superfamilies of the reproductively benthic and/or pre- 
amplexing category Reptantia are lustrated in Figs. 18, 16, 
17. & IB, Within Reptantia, gnathoped morphology is 
basically different, and the range of marphorypes 15 consid- 
erably greater. than that already demonstrated in the Natantia 
(above). Thus, im most superfamilies of Reptantia the 
unathopods are characteristically sexually dimorphic and 
попу subchelate or chelifonn. cspeciallv in males. 
However, many exceptions to these overall trends have been 
nowed, and are hopefully plausibly accounted for, in the 
discourse below. 

In рћујенса у more primitive superfamilies (so deter- 
mingd from previous не and from other character states 
above) such as the continental freshwater Crangonycloidea 
and Ше holarene (resh- and brackish-water Ciarimaraidca 
(Fig. 10). the gnathopods are variously (usually markedly) 
sexually dimorphic, with gnathoped 2 usually “dominant”. 
In Crangonyctenidea (as in Natantia), (he mature male stage 
(usually calceolate is terminal (or subterminal, fide Contan), 
asin most Natantia. Precopulatory carrying of the female by 
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the male is not documented, although it is suspected to occur 
іп emgean members of the Paramelitidae (e.g. in Рағатеша, 
amd Austrogamimarus), where males are distinctly larger 
than females. [n the holarctic family Crangonyctidae, whose 
members (especially hy posean species) appear to ће mainly 
rapiors, gnathopeds of both males and females are often 
quite large and powerful. However, males are typically 
much the smaller af the twosexes and presumably physically 
incapable of carrving females. In true amplexus, the male 
first gnáthopeods are used to grasp the female laterally by the 
соха! plates, and the second gnathopods remain free, pre- 
sumable 10 fend off other males (persona! observation; 
Conlan commune, ), 

In most Сапа са, however, males are typically 
larger and more powertul than females, and pre-copulatory 
Carrying is the reproductive norm, Tri Family Garrunaridac, 
the first gnathopods typically nave a very oblique palmar 
margin, enabling the pair to be employed in a "fore-and-aft 
seizing of the first and fifth. peraeonal (body) plates of the 
female. The larger second gnathoped arc employed іп 
agonistic behav-cur to other males (and occasionally in 
carnivory of newly moulted female of their own and other 
species!) (Borowsky. 1984; Costello, 1993, this sympa- 
sium), Within Danile Anisogammaridae, the palm of епа о- 
pad | is vertical, studded with ^peg-spines", and presumably 
better suited to lateral grasping of the anterior margin of 
соха! plate 4 than peraeonal plates (Bousfield, 1986, pers. 
observation (in Fopammarax). 

Within the Talitroidea (Fig. 16) pre-amplexus 15 typical 
of the intertidal and brackish-vwater family Hyalidac. the 
intertidal fossarial Dogielinotidae, the coastal marine and 
fresh-water Hyalellidae, amd the more primitive members of 
the supratidal family Talitridac, The gnathopods are strongly 
sexually dimorphic, and in the usually larger male, enathopxt 
2 15 especially powerfully subchelate. probably for use in 
aponistic display, and in fending off othermales. Incarrying 
actvity within most Hyalidae, Hyalellidae, and Dogiel- 
inotidac, gnathopod | 15 modified to grasp the margin of a 
special pre-copulatory notch in the antero-ventral marein of 
peraeop 2 of the receptive female (see Borowsky, 1954; 
Bousfield 1986, 1993} However, in the most terrestrial 
landhopper groups (Bousheld, 1934, 1988), in the most 
specialized aquatic inguilinous families (e.g. Eophliantidae), 
and in the kelp-borers (Najnidae), the gnathopods are weakly 
(or not sexually dimorphic, and pre-amplexus is lacking, 
apparently lost sccemuanly. 

Within the Hadzioidea (especially family Melitidae X Fig. 
17), enathopeds are typically strongly sexually dimorphic. 
and pre-amiplexing reproductive style prominent m all but 
the most hypogean subgroups. Using gnathopod |, the 
propa and даску! of which may be specially modified to 
Clasp the female ћу an antero-ventral process of coxa 6 (in 
Abludomelita and relives} Borowsky. 1984, Воџалејд, 
pers, observation). The mach larger male enathopod 2 is 
held freely, and functions in agonistic behaviour toward 
other males, In the tropical and warm-temperate marine 
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FIG. 15. GNATHOPODS 1 & 2 IN PRIMITIVE SUPERFA MILIES OF 
AMPHIPODA REPTANTIA [after Bousfield (1958; 1979) and other sources] 
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[AH males except where indicated] (from various sources) 
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genus Пићсте а, either the right or left gnathopod 2 of the 
male is enormously developed (Fig. 17). The dactyl is 
greausy enlarged, amd их np Drs имо a socket in the ameri- 
ventrally produced palmar angle of the propod. lis overall 
form is grossly similar io the morphology of the gnathapoxd 
of the decapod “snapping shrimp” (genus Aipliaeus?) sug- 
gesting that il functions іп percussive sound production, 
either Іс attract receptive females or to warn away other 
males, However, іп most of the hypogean hadzicideans 
(c.v. weckelids, metanipharpids. metacranpooyctids, etc.}, 
whether the gnathopads are strongly ог weakly raptorial. 
sexual dimorphiem is weak or lacking (Stock, 1983; Holsinger, 
19926). 

Within the tube-building Coropbioidea occurs perhaps 
the greatest range of gnathopod sexual dimorphism of any 
replant amphipod superfamily (Fiz, 18). In the male. the 
ziathopeodis are typically strongly subchelale or carpochelac. 
hut very unlike inform and size. The second gnathopods are 
usually very much the larger. more complex, and dominant. 
except in the Aoridae amd Cheluridae where enathopod] is 
the larger. Since coraphioidcans are sequestered in open- 
ended tubes of their own construction, they have become, 
élfectively, semi-sessile. and stray little trom а fixed koca- 
поп. Such a life чује may have resulted in secondary loss 
of precopulatory “carrying ofthe female. Instead. the male 
"guards" the female in her tube and employs the enlarged 
enathoped 2 mainly in agnostic behaviour towards compel- 
ing males who might approach his reproductive termtory 
(Borowsky, 1984, Conlan. 1985, 19913). However, pre- 
amplexus is retained in the free-clinging Family Podocendae 
and in the presumed descendent Caprellidea, (including 
Cyamidac) in nearly all species of which the gnathopods are 
var ону strongly sexually dimorphic (sec Laubitz, 1970, 
1979, 1993); Takeuchi, 19931. - 


Астов5 Ше reptant classificatory board, however. some 
important cxceptions Lc this general picture should be noted, 
Within the relatively plesiomorphic replant superfamily 
Liljeborgioidea (Fie 17. top), sexual dimorphism of the 
znathopods is most strongly pronounced in the frec-living 
families Liljeborgiidac, Sebidac. and the sponge-dwelling 
Colomastigidae, but is weak or virtually non-existent within 
ihe hypogean Salentinellidae and Paracrangonyctidae. 
Within other hypogean superfamily groups, especially those 
believed to be micro-predarors (с.е. Bogidielloidea. 
Ingolfiellidea). the znathopods are powerfully subchelate ог 
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carpochelate and raptorial, but appear weakly [ог not) sexual 
dimorptiic. Finally, within the diverse and possibly 
polyphyletic assemblage of families currently assigned to 
ће exclusively marme superfamily Lewcothoidea, a cort- 
spondingly immense diversity of gnathopod types may ће 
seen. — Chatbopods | & 2 are offen much enlarged and of 
unusual ог bizarre form, and often very different from each 
other in form and 5176. Taxa within families Leucothoidae, 
Amphilochidae, and Pleustidae, etc., whose vegetative lite 
styles are commensal, inquilinous, or parasitic, exhibit wirtu- 
ally no sexual dimorphism of the gnathopods. However, in 
free-living groups such as the Stenothoidae and some of the 
Pleustidae, especially those of intertidal and brackish habi- 
інің (e.g. "Parapleuxtes" der), the enathopods are variously 
(often strongly) sexually dimorphic. 

In summary. within component superfamilies of 
Reprantia, we may сопсћије that sexual dimorphisin of the 
gnathopods, and benthic pre-amplexing reproductive styles 
are dominant and characteristic of member groups that are 
veseciatively free-living and epigean in physically rigorous 
habitats such aS coastal shallows, cstuanes, and fresh-wa- 
(еге. Conversely, in members that have become (presum- 
ably secondarily) symbiotically associared with other ani- 
inals or plants of marine environments, or penetrated into 
Проте brackish- and fresh-water, ог fully terrestrial hati- 
ізі, sexual dimorpbisin of the gnathopods is expressed 
weakly ornotatall. Asagroup, thereptants include the most 
derived amphipod morphotypes, that exploit unusual or 
restricted food resources underph ysically rigorous or unusu- 
ally speciahzed environmental conditions. Іп the corre. 
sponding reproductive evolutionary sequence, а pre- 
amplexing reproductive (mating? style is presumed to be an 
effective means of ensuring species continuity. Thus. at the 
precise time of ovulation during the female moul cycle, ће 
newly laid eges (within the female brood pouch) must be 
[сше by the male. Without the ensured presence of the 
male at that time the species could not remain іп place within 
the specialized habitat nor remain viable as а species, Ноч 
ever, where such à mechanism is no longer псейе to ensure 
such close contact (as in [ente hypogean habitats, or under 
confined symbiotic conditions), or the carrying mechanism 
become physically impossible io maintain (as in terrestrial 
habitats y. the enathopods lose (presumably secondarily) the 
sexually dimorphic form, and neoterically revert to a mor- 
phology suited to the vegetative life style of both sexually 
mature adults and iminature stages. 
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FIG. 17. GNATHOPODS 1 & 2IN ADVANCED SUPERFAMILIES OF 
AMPHIPOD REPTANTIA [Males unless specified] (from several sources) 
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FIG. 18. GNATHOPODS 1 & 2 IN COROPHIOIDEAN AND CAPRELLIDAN 
AMPHIPODA [males unless specified] (from several sources) 
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Mating Behaviour Within the Amphipoda 


Conlan (1991 ) has summarized recent advances in work 
on the significance of precopulatory mating behaviour and 
sexual dimorphism in phyletic relationships of amphipod 
Crustaceans. Ampbhipods employ two basic reproductive 
strategies to ensure proximity of males and females at ће 
lime of female ovulating ecdysts: 

(1) mate-guarding, in which the males are either (a) carriers 
involving pre-amplexing and concomitant modification of 
male рпашоро for the purpose, or (b) attenders, where they 
remain domiciled with the female and employ the опа Вор 
mainly in agonisti manner to ward off competing males. 
(2) non-mate-guarding in which the mature male simply 
seeks Gul females wherever they may be at the time of 
avulanon. These males are classified as {a} реја: search- 
ers if the female is in the water column, or (b) benthic 
зенгсћегта if the female is on or in the bottom substrata. In 
either case the gnathopods are little or not sexually dimer- 
phic, and no pre-amplexus takes place. Both strategies anc 
determined by the period af ovulation of the Female, at which 
time the male must be present if fertilization of the eggs is 10 
take place. For a short period immediately following mout- 
ing, the cuticle of the female is sufficiently flexible to allow 
for release of ihe eges into the brood pouch or marsupium. 
Sperm 15 deposited there by the male during copulation, and 
[erulization of the eggs can then take place. 

Conlan (loc. cit.) has concluded that the searching 
Strategy isa primitive, and mate-guarding an advanced, form 
of reproductive behaviour in amphipods, This conclusion 
provides the principal basis for present semi-phyletic classi- 
Hcation of amphipod superfamilies (fig. 30, p. 126). 

Іп these mating strategies. the reproductive morphology 
af the mature female is seldom significantly different from 
that of the vegetative or feeding stages, except m some 
species of Afefita, some aquatic talitroideans anda few others 
(see below), However, the breeding frequency and tecund- 
Hy reflect overall differences im mating strategy. Thus, 
females of mate guarders tend to be itecoparous, with several 
broods in a life time. whereas those of non-male-euarders 
tend to be semelparous, with only one brood in a life-time. 

Examples of amplexus ог capula within superfamilies 
of Amphipoda are illustrated in Fig. 19. Inset figures C and 
E are representative of superfamilies of Natantia: B, D, F. G. 
аге representative of the Reptantia. For comparative pur- 
poses, the copulatory position of an outgroup miysid pair 
iMesopodopsis orientalis is included (from Nair, 1939), 
The ventral “head-to-tail” position of the male mysid permits 
direct access of the penis papillae to the posterior opening of 
ihe mársupium. and presumably facilitates temporary clasp- 
ing of the female abdomen by the male peraeopxx]s. The 
function of the modified and elongated pleopods А & 5 has 
nol been described; their position beneath the anterior end of 
the female would suggest a tactile, rather than sperm-transtfer 
role. 

The mating position in amphipads contrasts with thatin 
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mysids except thal, in both groups. the process is relatively 
rapid andtakes place usually im darkness. ln most superfamily 
groups within Natantia, contact between the mate-seeking 
male and the female takes place only during actual copula- 
tien, and its duration 15 brief (Солјап, 1991). In superfamily 
Eusiroidea, family Pontogeneidae, the smaller male of 
Paramoera columbiana lies across the thoracic region of the 
female, grasping her by the peraconal and coxal plates "fore 
arid aft. using both pairs of gnalhopods. Within the benthic 
and less mobile members of the Paramphithordae, the male 
ОГ Epimeria cornigera holds Ше female crosswise ander the 
specially curved lower margins of his coxal plates 4 & 5 
(Moore, 1981), the gnathopods apparently playing little рам 
in the action. 

Within the Reptantia, and in the primitive superfamily 
Crangonycioidea (e.g. Svaurefla chamberlaiai). the smaller 
male grasps the female swewise by the саха! plates, and 
mserts the dacryls of enathopods 1 & 2 between the lower 
anterior Margins of coxae 3 & 4 respectively, The paired 
antennae are pressed closely to the body of the female. with 
the саісеоі nearly everywhere in contact with the female's 
body surface. In family Anisogammanac (Gammaroidea) 
(he dorsally positioned male grasps the female by the anterior 
margin of coxal plates 4 & 5, using gnathopod 1 (Fig. 190). 
In thc semi-terrestria! Talitridae (Talitroidea), the male 
erouches across the female, Iving on her side, and positions 
her һу means of his па ирске and the enlarged peduncles 
of antenna 2 working in concert (Fig. 190). 

Pre-amplexing positions are illustrated in Fig. 20. 
Preamplexing is rare within the superfamilies of Natantia, 
and where rt does occur. briefly, differs little from amplexus 
(Fig, 19A), Within the Reptantia, bowe yer, pre-amplexus 15 
nearly the rule. In the primitive Gammaroides, males ot 
Anisogammaridae (e.g. Бораттағыз өсіпігі) carry the 
smaller female by grasping the base of coxa 4, usually by 
means of enathopod 1- En Gammarus (family Gammaridae), 
Ihe male carries the female by means of a "fore-and aft" 
clutching of the anterioredge of peraeon plate 1 and posterior 
edge of peraeon 5, using gnathopod L, £acilitiated by its very 
oblique palms. Within the Hadzioidea, the male of Мей 
nitida grasps the female by the specially modified anterior 
lobe of her coxa 6, using the smaller gnathopod | for the 
purpose. The much enlarged male gnathoped 2 may be used 
in ending off competing males. In many aquatic Talitroidea, 
especially in Нүшіе е and Allorchestes (Hyalellidae) and in 
Hyale and Parailorchesies (Hyalidac), the dorsally posi- 
попса male inserts the dacty! of enathopod 1 ina precopulatory 
notch in the lower anterior margin of peraeon 2 of the smaller 
female. Again, the much enlarged gnathopad 2 apparently 
functions agonistically, In some species of Hvale, however. 
znalhopod 2 may be inserted into the female notch. 

These reproductive strategies are basically similar at 
superfamily level but differ in detail internally, They do 
demonsuate the widespread phenomenon of convergent 
evolution of similar mating strategies, with differing tactics 
and morphologies at the family and subfamily levels. 
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С. EUSIROIDEA:PONTOGENEIIDAE 
(Paramoera columbiana) 


B. CRANGONYCTOIDEA: 
CRANGONYCTIDAE 
( Synurella chamberiaini] 


D. GAMMAROIDEA ANISOGAMMARIDAE 
(Eogammarus occlairi) 


( Taiftrus saltator) 
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(Epimeria cornigera) 
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(Orchestis gammarellus) 


(author sources) 


FIG. 19. AMPLEXING POSITIONS IN REPRESENTATIVE SUPERFAMILIES 
OF AMPHIPODA, ANI. MYSIDA 
А. (after Nair, 1939} E, (alter Moore, 1981) F. (after Williamson, 1951) С. (after Williamson, 1951) B. D. C. (authors sources) 
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D. HADZIOIDEA: MELITIDAE 
(мена nitida) 


А, EUSIROIDEA: РОМТОСЕМЕНОАЕ 


( Psramaera columbiana } 


| Е. GAMMAROIDEA: ANISOGAMMARIDAE 
B. TALITROIDEA: HYALIDAE. ( Eagammarus осівігі ) 
(Hyale seticornis! 
Q 


F. GAMMAROIDEA: GAMMARIDAE 


(Gammarus fasciahus J 


C. TALITROIDEA: HYALELLIDAE 
(Hyalella влеса) 


FIG. 20. PRECOPUL A IN REPRESENTATIVE SUPERFAMILIES OF 
AMPHIPODA "REPTANTIA" (after Borowsky (1984) and authors sources] 
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Phyletie Significant of Üropod 3, 

The significance of огород 3 in the general description 
and classification of amphipod crustaceans bas always been 
primary (Stebbing, 1906; Gurjanova, 1951; Barnard, 19693; 
Barnard and Karaman, 1991). Its character states have 
proven especially valuable in preparing taxonomic keys to 
regional and world Taunas, at generic and family levels fe. g. 
Maude, 1987; Barnard & Barnard, 1983, хг in phyletic 
and semi-phyletic classification of amphipods (except in 
some Corophioidca, and the Caprellidea where the abdomen 
is variously reduced and uropod 3 vestigial or lacking) has 
been considered previously (e.g. Lincoln. 1979; Bousfield, 
79а, 19822, 1983; Bowman and Gruner, 1973), However. 
iore detailed study of its form and function in relation to 
broader aspects of phyletic classification would seem frl- 
ful. and therefore forms a principal part of this overview 
study, 

In the Amphipoda, uropod 3 forms the terminal set of 
paired body appendages. It is distinguished from uropods 1 
& 2 by из fonn and function, Uropod 3 is primarily a 
swimming appendage. whether functioning in propulsion or 
steering. The rami are typically broadened or flattened, and 
the margins lined with long plumose setae thal provide а 
large surface area for effective paddling or steering action. 
Uropods 1 & 2 are used mainly in strengthening the caudal 
portion of the body to permit jumping ог flipping, by rapid 
flexion of the urosome (Barnard & Karaman, 1991); they аге. 
secondary modified for copulatory or tactile function in 
specialized habitats but are seldom modified for swimming. 

The most plesiomorphic and generatized form of uropod 
3 is typical of the Natantia and more primitive Reptantia 
(Figs. 21, 22 upper). The paired rami аге large, lanceolate, 
and typically subequal in length (aequiramous condition), 
and the inner and outer margins variously lined with plumose 
setae and/or short spines (Figs. 3 1A-D). The terminal sca- 
телі of the outer ramus is present (plesiomorphic condition) 
in the more primitive superfamilies such.as the Phoxo- 
cephaloidea, Lysianassioidea, and Pardaliscoidea (Figs.21 А- 
D), but trends to loss or fusion with the proxunal segment in 
advanced callynophorates (e.g.Stegocephaloidea ,Fig, 223, 
O) or in vegetatively benthic forms such as Pontoporeioides 
(Fig, 21 G,H). Іп many pelagic groups (within Eusiroidea, 
Oedicerotoidea. Synpioidea, Hypenidesa, Melphidippoidea 
and pelagic males of Dexuminoidea and Ampeliscoidea), the 
terminal segment is totally lacking (Fig. 21E. F, L, M, P, Q, 
T. V. X), In more advanced, especially abyssal-benthic 
forms (e.g. Lepechinellinae). both rami may be reduced in 
size and swimming setae lost, or nearly so (Fig. 21 17), 

Within the Natantia, especially the Pardaliscoidea, and 
Hyperiidea having a pelagic life style, sexual dimorphism of 
uropod 3 is generally slight, the rami being scarcely more 
sirongly setose in the male than in the female. However, іп 
vegetatively benthic and reproductively pelagic taxa such as 
Phoxocephaloidea and Pontoporeioides, sexual dimorphism 
of uropod 3 is often pronounced, In female and immatures 
the appendage is much smaller, the inner ramus is often 
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reduced in size (parvirainus condition, Fiz, 218, J}, and 
ramal margins usually lack swimming setae. Exceptional ү, 
in some of the Pontoporeioidea feg. Haustoriidae) and many 
of the Oediccrotoidea (Oedicerotidae). mature males may be 
secondarily infaunal and/or mate within the substratum, and 
show little or no retention of the natatorial form of uropod 3 
(Fig. 21K. L), 

Apomorphic conditions of uropod 3 characterize the 
more advanced superfamily groups within the Reptantia 
(Fig. 22. lower, Fig. 23), Only within primitive crang- 
onycloiudeans, eamtnaroideans, hadzicdeans and lil jeborgi- 
Gideans is the fully bivamous and/or marginally setose cin- 
dition encountered (Fig. 22A-F; Fig. 221), In the hypogean 
Bogidielloidea, the rami remain essentially aequiramus and 
nor sexually dimorphic, despite overall reduction in size, 
general lack of marginal setae, and loss of the terminal 
segment of the ower ramus (Fig, 220, P), This feature 
suggests a close natural relationship of the Bosidielloidea ta 
the epigean Melphidippoidea, In more advanced hypogean 
fortis, the terminal segment of the outer ramus шау be much 
enlarged and especially distinctive in males tas in Eriopisa 
Fig. 22H, Giuiniphargus (Williams and Barnard, 1988), in 
several species of Affocrangouys and Pseudoniphareus and 
in many Niphargidae (Barnard & Barnard, 1983), In these 
lorms, the primary function may be tactile, as in the elongate 
antennae and elongate. setose peracapeds. Move often, how- 
ever, сте or both rami are reduced, often markedly so. wilh 
total loss of marginal setae, and/or spines, as in infaunal or 
hypeogeancrangonyctoideans, hadziotdeans, gammaroideans 
and lijjeborgioideatrs (Fig. 2ДЕ, О, J, K. М, NY. 

Within Amphipoda Reptantia, sexual dimorphisin of 
uropod 3 is variously expressed, often strongly so, depend- 
ing to large degree on reproductive life style. In primarily 
benthic taxa, with pre-amplexing or benthic reproductive 
style, uropod 3 is moderately sexually dimorphic in freely 
ambulatory groups, both epigean and hypogean (e.g. in 
primitive Crangonyctoidea and Gammaroidea, less so in 
primitive Hadzioidea and marine Liljeborgioidea). In groups 
ihat have apparently become secondarily aquatic (non terres- 
trial Talitroidea), the rami have are very short, vestigial or 
lacking (Fig, 23D, Е). Sexual dimorphism af uropuxls is 
entirely lost бог nearly so) in tube-building, inquilinous, 
commensal, advanced hypogean, and saltatory groups (e.g. 
most Corophioxlea, Leucorhoidea, Liljeborgioidea, and 
Talitroidea}. Here the appendage is often highly modified or 
specialized, in both form and function, in both sexes (Fig. 23A, 
В,С). Within the domicolous Corophicidea, uropod 3 is 
much reduced. with rami typically short and slender, but 
remains biramous (even with terminal segment of outer 
ramus in some primitive Tsceaeidae) in all but the mest 
advanced Aoridae and Corophiidae (Fie. 23H, J). In the 
Ampithoidae and laz yroceridac, the cuterramus is equipped 
distally with hooks and spines for the purpose of retaining 
hold ot its tube while foraging from the entrance or repelling 
invaders (Figs, 23F, G.J), Inthe advanced Podoceridae, uro- 
pod 3 is vestigial (Fig. 23L), Within suborder Caprellidea, 
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FIG. 21. FORM OF UROPOD 3 IN SUPERFAMILIES OF AMPHIPODA "NATANTIA" 
А, B- PHOXOCEPHALOIDEA; C, D- LYSIANASSOIDEA; Е, F- EUSIROIDEA; G, H, J - PONTOPOREIOIDEA; 
К - HAUSTORIOIDEA: L. M- OEDICEROTOIDEA: N, О - STEGOCEPHALOIDEA; P- HYPERIIDEA; 
Q-SYNOPIOIDEA; R, - PARDALISCOIDEA Т, U- DEXAMINOIDEA; V - AMPELISCOIDEA; 
W, X- MELPHIDIPPOIDEA. [after Barnard, 1969, and other sources] 
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CRANGONYCTOIDEA GAMMAROIDEA 


BOGIDIELLOIDEA 


FIG. 22. FORM OF UROPOD 3 IN PRIMITIVE AND INTERMEDIATE 
AMPHIPODA "REPTANTIA" (from several sources) 
A, B- Анхіғараттағнх, Стапропх C, D, E - Gammarus, Mesegammaras, Gamimaroporeia 
FG H, J, K-Hadza, Elasmopus, Eriopisa, Melita, Metacrangonyx 
L, M, N - Listriella, Salentinella, Pseudingolfiella О, P- Bogidiella, Kergueleniola 
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LEUCOTHOIDEA 


2 
| 
| 


TALITROIDEA 


FIG. 23. FORM OF UROPOD 3 IN ADVANCED AMPHIPODA "REPTANTIA" 


A - PLEUSTIDAE: B - LAFYSTIIDAE: C - STENOTHOIDAE: D - HYALIDAE: E - TALITRIDAE; 
F - AMPITHOIDAE G - ISCHYROCERIDAE H - CHELURIDAE J - COROPHIIDAE; 
K - ICILIIDAE; L - PODOCERIDAE; M- CERCOPIDAE [from several sources] 


the abdomen is vestigial in all but the most primitive species, 
and uropod 3 is entirely lost (Fig. 23M). 

іп summary, we may note that, with few exceptions, m 
all amphipod superfamilies in which the reproductive imit- 
ing) style is pelagic, uropod 3 (in the male? is of the large 
natatory, usually aequiramóous type, even where the vegeta- 
tive lifestyle 15 benthic and/orinfaunal. This plesiomorphic 
form of uropod 3 is diagnostic of the phyletically primitive, 
gamimaridean and hyperiidean superfamily groups. within 
the Natantia. By contrast, in all superfamily groups that have 
become secondarily benthic ог infaunal, and reproductivel y 
benthic or pre-aniplexing, the form of uropod 3 is typically 
of the non-swimminz, tactile form. Here the rami are second- 
arily, and thus apomorphically, reduced or modified in form 
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and function, Only in vegetatively benthic or infaunal forms 
within the Natantia and within free-living, pre-amplexing 
superfamihies of Replantia is uropod 3 found to be strongly 
sexually dimorphic. — Extreme reduction and/or modifica- 
поп of uropod 3 is associated with domicolous, commensal, 
fossonal, hypogean, or nearly sessile aquatic life styles, or 
with colonization of supratidal and terrestrial environment, 
In these forms, the orignal natatory function of rhe append. 
age has been lost and/or modified for secondary functions 
(hal have presumably enabled the species to penetrate new 
new environments, new niches and utilize new кк] ге- 
sources. Thus. the form of uropod 3 may bc utilized аза 
valuable and useful indicator of phyletie classilicatory rela- 
honships within the Amphipoda, 
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PHYLETIC SIGNIFICANCE OF THE FORM OF 
THE TELSON. 

As analyzed previously (Bousfield 1979, 1933, 1986). 
the deeply bilobate form of the telson is deemed the 
plesiomorphic condition within amphipadan, peracariclan, 
and indeed, all malacosiracan Crustaceans, Conversely, the 
entire, platelike. or "fleshy" form of the telson 1s concluded 
за be the typical apomóorphic state. às m Lewoothoidcean and 
Corophioidean subfamilies, and represents (typically) a distal 
fusion of the lwo primary lobes, A very advanced condition 
is seen in the Thaumatelsonidac, and many Hypenidea, 
where the plate-like telson is fused with the urosome. A less 
frequent, presumably apomorphic, condition occurs where 
the lobes become separated throughout theirentire length (as 
in most Gammiroidea and certain Hadzioidea and attains an 
extreme separation dorsally on urosame 3 (абет seg- 
ment 6) іп the advanced fossorial genus олана 
(Роторогетои са). 

А panoramic view of telson ry pes across the spectrum ar 
higher amphipod taxa is provided in Figure 24. Тһе 
prototype amphipod is depicted with a bilobate telson, (ће 
apex of each lobe having a “notch and spine" configuration. 
This state may be derived from а pelagic peracaridan (ot 
primitive malacostracan? ancestral outgroup it which thc 
tips of the telson lobes may actually represent vestiges of 
primordial caudal furcae, us in the phyletic relict 
Lophogastrida and Euphausiacea, Following evolutionary 
lines oulwards from this base, through each superfamily 
group. we find thal member species and genera having uc 
ereat-esi number of plesiomorphic character states (those 
nearest the base) also tend to have fully or partially bt-lobate 
215006. Conversely. member species and genera with the 
most apemorphic ог derived character states, іп balance. 
usually show the most strongly Fused or plate-like form ot the 
telson. The totally bilob-ate apomorphic Form may be noted 
in advanced members of the Сапипагот са and in some 
members of (he Poritaporeieides (family Haustor idet), 

Derivation af a phyletically "critical" significance (о the 
overall form uf the telson 15 not straightfor-wan!, however. 
because of the obvious independently hooplasious develop- 
ment af the plate-like telson within nearly every superfamily 
group. Thus, to derive а superfamily sroup based solely on 
a plate-like telson would embrace members of at least ten 
diferem major groups, and be totally artificial. However, 
if we look more closely at these evoutionary trends, we may 
note that within “natant” pelagically mating sup-erfamilies, 
eg, Lysianassoudkeu, Eusiroidea, Pardaliscoidea, 5 yriopioidea. 
elc.. the clearly dominant (typical) form ol the telson is 
deeply bilobate. Conversely. within the more advanced 
"reptani " superfamilies such as the Leucothoidea. Talitroidea, 
Bogidielloidea, and Corophicidea. the dominant state 15 
distally notched or plate-like, Perhaps m confinming these 
general рейс trends, we may note that the form of the 
telson insome of the most advanced supertamilies of Natantia 
(c.g. the Stegocephaloidea, Oedicermimdea, and rhe 
Hyperidae) is predominantly (or entirely) plate-like, 
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Hyperinds, how ever, are basically parasitoid, at least for part 
of their life cycle, and employ salps, medusae, and other 
pelagic inveriebrat£z as host sub-strara; in this sense they are 
“replant” in life style. ín the more primitive families within 
selected superfamilies of Reptantia (c.g. Crangonyctoidea, 
CGaminaroidea, and Liljeboreieidea). retention of the deeply 
аг partly bilabate condition is common. 

Undoubtedly, the function of the telson has ал unpertant 
bearing on both из overall, and detailed, form, Іп pelagic, 
free-swimming groups, the flexible, bilobate telson may 
[unction in balance and in aileron-Tike stabilization, taking 
over this function (partly from the antennal squame that is 
lacking in amphipods (see Watling 1983). In "thruster- 
swimuncrs such as the oediceroridas and hypertids, the 
plate-like telson is part of the entire forward-thrusting tatl- 
Ган іп which the urosonmial segnients may be fused and 
strengih ene. Here, the role of the telson may be 
subordinate to that of the larger and presumably more сітес- 
live component urapads, the rami of which are effectively 
bilobare and Nexibte. 

On the other hand, wilhin the терети”, primary benthic, 
infaunal, tabe-building, commensal, and/or hypogean 
amphipod superfamilies, hydrodynamic functions ot the. 
telson arc presumably gradually lost. Other functions such 
as groomung (sce Bowman, 1971), tbe-dwelling (see 
Barnard, 1969: Myers (1988): Contan (1990), or salaton 
(as in Tabtridac), appear better served by а short plate-like: 
form. with various specialized spinose marginal and apical 
тихи псапопа. A certain degree of sexual dimorphisam 15 
retained in the form of the telson, especially within hypogean 
groups such as the neomphargid and siygobrpmid 
crangonyctoideans, allocrangonyctids, niphargoideans, etc. 
Here, the telson of ihe mature male 15 often. relatively 
elongate and more dec ply cleft or notched distally than im the 
female (vestige af its primordial natatory function?) Unfor- 
tunately, detailed anc well-documented information on the 
precise гаје of the telson 15 lacking far many ofthe “repanti”, 
as well as more-diliicull-to study "natant" groups. 

lp sumrnary, the present view ofevoluionary and phyleric 
trends in the Кито of the telson contrasts directly with the 
views of seme others, in which the “fleshy” entire telson was 
considered plessomorphic, amd ied io postulating the 
Corophiidae as a probable ancestral amphipod wpe (see 
Barnard 1969, 1973, Barnard and Karaman, 1980) (Fig. 5) 
However, the broader more comprehensive studies on the 
malacostracam telson by Bowman (1974), Schminke (19777, 
and Schram (1986), while controverstal and conflicting, lend 
little support to the Barnardian view. 

Al This point we шау safely conclude, from an over- 
whelning array af evidence, that the plesiomaorphic or primi- 
tive condition of thé amphipod telson is bilabate, and that the 
apomorphic or advanced condition is typically plate-like or 
apically entire, However, ће form of the telson ts so froughe 
with life- style modifications at lower taxonomic levels that. 
per se. И may be phyletically significant only at family, 
subfamily, or even #eneric levels. or not al all. 
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SPECIAL TAXONOMIC AND PHYLETIC PROR- 
LEMS WITHIN THE AMPHIPODA 


The phyletic classification of amphipod crustaceans 15 
rendered especially difficult by the widespread occurrence 
ol character convergence іп unrelated taxa of similar life 
styles, and by the difficulty of selecting suitable outgroup 
гаха, with or without the use of numerical taxonomic meth- 
odology, Assuming natural monophyly of the Amphipoda 
as ип ordinal group within the Malacostraca, an attempt is 
made herë to establish closest phyletic relationships of: 

(1) Suborder Hypenidea 

(2) Suborder Ingolfiellidea 

(3) Selected hypogean genera of uncertain classification 
having character states of potential ancestral significance. 


(1) Systematics and phylogeny of the Hyperiidea 

The Suborder Hyperiidea is divided into twoinfraocders, 
б superfamilies, and 21 families {Bowman & Gruner, 1973). 
infraorder Physosomata is generally regarded to be more 
рипи уе (showing more plesiomorphic character states} 
and 15 thus closer to the presumed ancestral hyperiid than is 
infraorder Cephalosomala (Bowman & Gruner, 1973). In 
Many respects seme members of the Physosomata resemble 
some nàn-calceotate call ynophorate members of Gaminaridea 
-Natantia, including the broad peraeonal body region, short- 
ened bead that often iclescopes into регасоп |, small 
peraeopod 7, and usual presence of a mandibular palp. The 
fused urosome seemenis 1, 2 & 3, the fused inner ramus and 
peduncles of uropods 1-3, the 1-segmented outer ramus of 
Uropi 3, and plate-like eison are advanced character states 
that аге only occasionally met with (and never totally iü 
combination) in only а few gammarideans (e.g. Cvphaocarid 
lysianassids) that tend to have pelagic and neritic life styles 
that are similar to the hyperiideans. 

Sveshnikov & Vinogradov (1987) considered the sub- 
order Hyperiides taconsist of à heterogenous and apparently 
polymorphic group of pelagic carnivorous crustaceans. АП 
are hyperiids are pelagobionts; none are benthic. Member 
spectes can be grouped into two life torm classes of which 
about 35% аге free-swimning predators, and the other 65% 
exclusively parasites and commensals of gelatinous animals, 
The former are all members of the advanced Physocephalata 
whereas the parasitoids encompass all of the Physosomata 
and several groups within the Серћајозотака, Of ihe 
former, the primitive sciniform family members are 
cominensals and strict ectoparasites. These animals have a 
well developed рісоп and urosome, but the grasping adapta- 
lions of the appendages are poorly developed. ог absent. 
Since the scinid physosomatids arc among the most primi- 
име forms of hyperiids, we might reasonably look for ances- 
tral ypes among the 2armmaridean amphipods that are siimi- 
larly free-swimming and weakly parasitoid, 

Table IT presents a character-state matrix pertinent to 
physosomatid hyperiids, and to non-calceolate callynophorate 
superfamilies of Gammaridea-Natantia. The closest (or least 
different) match (score of 28/40) with the scinid hyperiids is 
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that of superfamily Stegocephaloidea. Similanties with 
other sammaridean superfamilies {Lysianassoidea and Pard- 
aliscoidea are smaller, in the 40-50% range. These levels аге 
higher, however, than with advanced members of the benthic 
Reptantia, including the Corophioidea, considered ћу some 
Io be directly ancestral to the Hyperiidea (see p. 85). Some 
similarities wilh stegocephaloideans are conspicuous. 
Synapomorphies include a telescoped head, ап asymmetri- 
cally notched upper lip, slightly dissimilar but mainly simple 
gnathopods, à weakened or shortened maxillipedai palp. 
shortened peraeopod 7, and nearly plate-like (apically 
notched) telson. However, stegocephaloideans are much 
less advanced in retaining an accessory flagellum, deep 
сока! plates. unfused arosome segment 2 & 3, sometimes 2- 
sexmented ошет ramus of uropeod 2, and ihe invariable 
presence of coxal gil on peraeopod 7. among other ples- 
lomorphic features, 

Figure25 is à resulting phenogram of character state 
similarities between physosomatid hyperiids and non- 
calcedlate gammaridean Natantia. This phenogram, derived 
through simple cluster analysis, shows an overall average 
similarity of hyperiids to callynophorate gammarideans of 
about 55%, Character state differences that contribute to 
the relatively low morphological similarity include, in the 
hyperiids, lack ofantennal calceoli and accessory flagellum, 
absence of a maxillipedal palp,and total fusion of urosome 
sexments 2 & 3, ancl telson lobes, 


Conclusions, These observations suggest that hyperiids 
may have evolved from à gammaridean ancestral type that 
was nearest ір the present stegocephaloidean body form. 
Bousfield (19821) has hypothesized а probable mid-Mesozote 
most recent time of origin for callvnopharate gammaridean 
groups, à thesis which, if reasonably correct, would suggest 
an earlier common ancestry for hyperiid amphipods. The 
fact that hyperiids exhibit several major differences from 
closest gammaridean relatives would also suggest that 
hyperiids have diverged Irom a common ancestor over acon- 
siderable period of ecological ime, However, despite the 
remarkable diversity of form „ function, and life style shown 
Бу members of the Hypertidea, their derivation from a 
common ancestor within the much more primitive Gam- 
maridea might justify consideration of their classificatory 
status as infraordinal within the Gammaridea Natantia, By 
analogy within the world of vertebrate ammals, might the 
hyperiids be to the gammarideans what the birds are to the 
dinosaurian euryapsid reptiles? 

Ву similar analysis, members of suborder Caprellidea 
can be derived from а corophioidean ancestral type 
(Podoceridae, Laubitz, 1979, 1982) and thus justify. reduc- 
tion of its current subordinal status to infraordinal level. 

By contrast, howe ver, the Ingolfiellidea (see also p. 120} 
possesses unique character states that are more plesiomorphic 
than anything occurming within the Gammaridea (sens, lab. 
These include the short unpigmented eye lobes, elongate 
peduncular segment 3 of antenna 2, partially divided (in- 
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TABLE 1, CHARACTERS AND CHARACTER STATES OF SUBORDER HYPERIIDEA. 


CHARACTER CHARACTER STATE 


1. Callynophore (A, male? . Present 
2. Сакеон (A, male) . Absent 
3. Accessory flagellum (male, female) . Absent 
. Maxilliped palp . Usually absent, rarely l-segmented rudiment 
5. Gnathopods | & 2 (sexual dimorphism} . If present. not significant 
6. Brood plates slender (Female) ‚Мо, all broad, bowed margins, smooth 
7. Coxal plates 1-4 large . ЈЕ larger, usually siemficant 
$. Pereopod 7 > Pereopod б 5. Usually smaller to subequal (Mimonecres excepted) 
9. Саха! gill af pereoped 7 ‚ Always lacking 
10. Pleopods (male) rel to pleapods of female ГІ), Always more powerful 
11. Sexual dimorphism in pereopods 11. Slight, if any 
12. Sexual dimorphism of pleopod rami 12. Never 
13. Sexual dimorphism of uropods 13. Usually slight (strong in Lvcaeopsis) 
14. Lower lip, inner lobes 14. No, never seen 
15. Mandible. left lacinia dentition 15. 8- ta 13-dentate 
16. Urosome segments 16. Urasomites 2 and 3 [used 
17. Telson 17. Entirc 
18. Upper Lip 18. Notched 
19 Maxilla 1. inner plate. 19. Usually not present 
20. Uropod 3, outer ramus , segments 20. Always 1-scgmented 


TABLE Н. CHARACTER STATE MATRIX: НҮРЕКПИОЕА AND GAMMARIDEAN SUPERFAMILIES 
CHARACTER NUMBER PJA 


DDUBDDUEDEBDDDDUDIUDDDE "m 


C. Ly&lanaesoldea 0+ 
{нурепорв! dae) 


D. Lysianaesocidea 
(Triechizostomatidae) 


MAJOR ТАХОМ 


С. Dexaminaldea 
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CHARACTER STATE SIMILARITY 


18 LEGENU 
16 HATANTIA 

A. Hyperiidea 
"s B. Stegocephaloidea 
ја C. Lysianassoidea 
10 (Hyperiopsidaa) 


D. Lysianaesoidea 
{Triechizostomatidae} 


E. Pardaliscoidea 


FIG, 25, 
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SIMILARITY % 


F Synopiocidea 
Dexaminoidea 


REPTANTIA 25 
H.  Leucothoidaa 
(Stenothoidae) 
J. | Corophioidea 


PHENOGRAM: HYPERIIDEA AND GAMMARIDEAN CALLYNO ~ 


PHORATE AND NON-CALLYNOPHORATE SUPERFAMILIES 


completely fused) segment | of the maxillipeds, subsimilar 
carpochelate gnathopods, and large uropod 2. All of these 
unique features strongly support continued full subordinal 
recognition of the Ineolfiellidea. 

The distributional-ecological occurrence of the 
Ingolfiellidea. world-wide in marine and hypogean in conti- 
nental freshwater, supports not only their classificatory 
distincliveness but their probable great antiquity (late 
Paleozoic, per Bousfield & Contan, 1990) 


Distributional-Ecelogy of hyperiid amphipods 

Both hyperiids and stegocephaloideans are exclusively 
marine, in fully saline (> 30%.) waters, well away from the 
immédiate influence of Band run-off. Both. groups аге 
present over the shelf and slope, and rn the abyss, or exhibit 
vertical diurnal migrations from below the euphotic zone. 
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Stezocephaloideans are mainly epibenthic, but Parandania 
boeck 15 mesopelagic (Moore & Rainbow, 1989), and lives 
in association with medusae (e.g. Arolla parva). Also 
stegocephaloideans are found mainly in cold-water regions, 
as are the more primitive members of the Hyperiidea, the 
Physosomata,. and some of the more primitive members of 
the Cephalosomata { of family Hyperiidac). 

As noted above, at some stage in their life history, most 
hvperiids are parasitoid, usually in relationship with the 
Coelenterata, Tunicata. and other jelly-like pelagic animals. 
Stegocephalaid-eans are symbiotic with sponges, tunicates, 
sessile caelenterates, and other cnidarians (Moore and Rain- 
bow, 1984, 1989), Such associations indicate lengthy 
evolutionary development, and classificatory stability, fur- 
ther underscoring the suitability of stegzocephaloideans as à 
phyletic outgroup taxon Гог the Hypenidea. 
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The Haustorioidea Problem 


The рбује с classification of lossoriat, Eree-burrowing 
amphipods having a the so-called “hausioriid™ facies has 
long posed a particulary difficult problem for &ystermatists, 
The "haustorinT superfamily concept variously encom- 
passes families of Нанмог и like animals and pontaporneids 
of northern coastal waters, and urothoids, orohaustoriids, 
phoxocephalids. phoxocephalopsids. platyischnopids. 
zobrachoids, cheids, condukiids, plus а few other enigmatic 
genera of mainly austral marine regions. Differing views on 
the taxonomic boundaries of family and superfamily diag- 
noses, and on the phyletic importance of certain "fasserial 
character states, have resulted in two pancipal recent phyletic 
classifications. In essence, the concept of the Hausterioidea 
proposed by the tale J. L. Barnard broadly encompasses all 
of ове groups (Bamard & Drummond, 1952: Barnard & 
Karaman, 1991), А further concept. proposed by one of us, 
restricts the Hausitarinidea to ihe northern families 
Haustoriidae. Pontoporeiidae. and Bathyporetidae, and rel- 
egates the austral families to the superfamily Phoxo- 
ecphaloidea (Bousheld, 1979а, 1982, 1983), Since сотро- 
neni groups encompass most of the littoral marine sand- 
burrowing amphipods of the world, form an unportant ele- 
menl of marine Food energy cycles, and are proving Io be use- 
ful indicators of sedimentary environmental quality. prob- 
lems conceming their natural classification merit our further 
systematic attentron. 

Ап assessment of phyletic relationships of haustoriid 
amphipods was undertaken and presented relatively recently 
by one of us, Іні the results remain formally unpublished 
(Bousfield, 1989). Characters found to be of important 
phyletic significance included ecneral body form, size and 
shape of the rostrum, presence of antennal sensory organ- 
elles, structure and "dactylatinn” of the posterior peraeopoxds 
and maxitlipedal palp, form of ihe pleapods. type of 
meuthparts, and differences in character states of the telson, 
uropods, and other appendages. The major difficulty in 
sorting out the phylogeny of fossorial animals is the “hook- 
alike" problem, t.e. the high incidence of convergent evolu- 
tion within nearly every character amd character state, of all 
the Family groups investigated. However, close and careful 
examination of (hese character states, in rglatsonshipta those 
that tend to be relatively independent of. fossorial life style 
(e.g. significant in reproduction, feeding, and swimming). in 
combination, provides à more reliable basis for sorting out 
homaplasious similarities from true phy lette similarities. On 
this methodological premise, evidence from the evolution- 
ary direction, ог rending, within pertinent character states 
suggested a basic phyletic difference between the two major 
groups. Thus, the northern haustoriids appeared t be marc. 
closedly related 10 gamimaroxdean amphipods, and of rela- 
tively recent origin, perhaps associated with the opening of 
the Atlantic Ocean during the Mesozoic Ета. The southern 
group was found phyletically more primitive and isolated 
from other major taxa, and of greater antiquity, originating 
probably prier to the Gondwanian continental breakup. 
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In this brief recapitulations of the 1989 analysis, we here 
consider in detail one main character state, the form of the 
rostrum (Fig. 26). The upper row shows a dorsal outline of 
the head, гампип und proximal peduncular segments of 
representative species of fossorial pontogammarids within 
the Gammaridea (A), and of а bathyporciid and two 
hausteriids within the Pontoporeioidea (B, C, D). The 
middle row vives sunilar views of representative species 
within urothoid( E), urohaustenid(F), phoxocephalopsidit). 
and zobrachoidi H) family complexes, within urothoid type 
phoxocephaloideans The bottom row gives similar vicws of 
species within subfemilies of Phoxocephalidae (H, J. К). 
Cheidae (L), and Platyischnopidae (M). Trends and key 
differences in the Eonrim of the rostrum are рй йй. Thus 
in the “hooded beads ( Phoxocephalidae) and "shark -snouts " 
(chetds and plátyischnopiods)(bottom row) the rostrum 15 
variously elongate and ex ends much beyond the lateral head 
lobes. In the urothoid type animals (middle row}, the rostrum 
i5 Short hut extends филе у beyond [һе lateral head lobes, 
In the gzamanarids, pontoporciids, and haustorrids (top row), 
however, the rostrum is vestigial or very short, and extends 
little or not beyond the lateral head lobes. In these latter 
groups, the substratc-peneltrating function performed by ihe 
prow-like rostrum of ihe phoxocephalids and urothoids is 
apparently performed by the distally narrowing and closely 
approximated peduncular segments of the first antennal patr. 

Other mayor character states have been correlated with 
differences іп form of the rostrum (Bousfield. 1989). Thus, 
family members of the upper row all possess strongly deflexed 
urosomes ("bent backs”), weakly dactylate (or adactylate? 
peraeopods and maxilliped palp, variously dissimilar and 
weakly sexually dimorphic grathopods 1 & 2, unreduced 
Lgammareidean) mouthparts, pleopods reproductively поп 
sexually duneorphic. broad to medium broad brood plates, 
and advanced. zammaroidean-tvpe antennal calceoh (when 
present), among other differences. Family members of the 
middle and lowerrows, all possess weakly deflexed urosomes 
(straight backs"), strongly dactylate peracopods and 
ах ред palp, subsimilar and поп sexually dimorphic 
gnathopods | & 2, strongly reduced or modified (carnivo- 
raus? megthparts, high meidences of reproduct9ively sexu- 
ally dimorphic pleapods, linear ог sublinear brood plates, 
and primitive crangonvcroidean type calceoli (when present}, 

In all these instances, these differences are here consid- 
ered of major phyletic significance rather than of convergent 
similarity. Accordingly. metn ers onthe Family Haustonidae 
аге included here with the phyletically related Pontoporeiidae 
and Bathyporeidàaec, within superfamily Pontoporeioidea, 
and allied with superfamily Garnimaroideàa of the northern 
hemisphere (Fig, 30, Table ПО. Members of the southern 
fossorial family groups are here maintained within 
superfinily Phoxocephaloidca tat is phyletically isolated 
from other marine superfamily groups, but exhibits character 
slates that perhaps indicate disunt relationships to the 
Стапропусин4еа, now resiricted to continental freshwiters 
af the world. 
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FIG. 26. SIGNIFICANCE OF ROSTRUM IN SUPERFAMILY RELATIONSHIPS 
A Pontogammaridae В Bathvporeildae C Haustoriidae (Protohaustorius) 


TOP 

ROW D Haustoriidae ( Haustorius ) 

MIDDLE Е Urethoinae F Urohaustoriinae С Phoxocephalopsinae Н Zobrachoinae 
ROW 

BOTTOM Phoxocephalidae: J Tipimeginae К Brolgimae L Phoxocephalinac 

ROW M Cheidae N Platyischnopidae 
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The Classification and Phyletic Position of the Ingolf- 
tellidea. 


As noted by Schram (1986), the classification of the 
Ingolfiellidea has been the subject of modest controversy. 
Following discovery of the first species of Ingeifiela bv 
Hansen (1903), the animals were first classified às à new 
family within the Оапитагијен (c.g, Stebbing, 1906). Fol- 
lowing Reibisch (1927), and discovery of further new fresh- 
water and marine species, ће group was elevated tu separate 
subordinal status within the Amphipoda. a classification 
now accepted hy most workers. However, Bowman and 
Abele (1982) and Bowman (pers. communic., 1992) would 
relegate the group to family level status within the 
Gammaridea. Here, we brietly re-examine its major charac- 
ter states and re-evaluate their significance im phiyletic clas- 
siftcation (see also pp. 125-26), 

Suborder Ingalfiellida encompasses а small group of 
blind, venniform, hypogean and fossorial amphipods occur- 
ring nearly world-wide in both marine and freshwater habits 
(Bousfield, 1982a; Stock. 1977), They occur over a remark- 
able range of hypogean and infaunal habitats, and are the 
only freshwater amphipods presently known from fresh 
waters of south-central Africa, north of Zimbabwe. About 
40 species have been described to date. They are classified 
in several genera and subgenera belonging to two families, 
the Ingolfiellidae: Hansen. 1903 and the Meraingolfillidae 
Rufio, 1969. Тһе latter family is monotypic and in some 
features more primitive than members of the speciose family 
Ingolfiellidae. The former is here considered likely tà reveal 
ancestral character states that might link the suborder with 
other amphipod гурех and with other peracanidan taxa. 

Some of the principal morphological features of 
Meraingolfiella mirabilis Rulfo, 1969, arc shown in Figs 7. 
Descriptive details can be found іп Ruffo' s original work 
(loc cit, andin family-level compendia by Boustield ( 19823) 
and others, This large species exhibits the following mor- 
phological features mostly previously considered to he of 
major taxonomic and phyletic significance: 

1. Antenna shorter (han antenna 2, with accessory 
flagellum 

2, Antenna 2, peduncular segment 3 elongate, > 1/2 length 
of segment 4 

3, Antenna 2, segment 1 free. not concealed by lateral 
head margin 

4. Unpigmented ocular lobes present, at the lateral anterior 
head process. 

5. Paired maxillipeds with distally separated (unfuscd? 
basal segments 

6. Gnathopods large, dissimilar, raptorial, strongly 
carpocheliform (carpus with palm, 

against which closes the combined propod and дасту), nol 
sexually dimorphic. 

7. Peracopods 3-7, dactyls very short. 

8. Pleopods biramous, rami annulate, pleopod 1 com- 
режу sexually dimorphic. 

9. Uropod 2 much larger and longer than uropod 1. almost 
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pieopod-tike 
10, Telson lobes fused to a narrow plate, with pared distal 
penicillate setae 

Character states 2. 3,4,5, 6, 8, and 9 are all considered 
plesiomorphic and found nowhere else withinthe &mphipoda, 
let alone in hypogean families and superfamilies within 
suborder Gaminaridea. This taxon is therefore morphologi- 
cally unique within ihe Amphipoda, cannot be classified 
within suborder Gammaridea, as presently conceptualized. 
and therefore merits full subordinal status Of it Own, 

It is difficult to exirapolate character states of a highly 
ник бей vermiform amphipod tà а form m which these 
characters might have existed in the presumed epigean 
ancestors of the Ingolfiellidea, Homoplasious reduction of 
locomotory appendages and mouthparts, and loss of pro- 
nounced sexual dimorphism, is almost the rule in fully hypo- 
fean amphipods. As noted in the hypothetical раујецс tree 
of the Amphipoda (Fig. 30, p. 126), the ancestral epigean 
ingolfiellid was almost certainly callynophorate, with primi- 
lively calceclate antenna, much as in modern сгапропусі- 
ouleans, and with à wrminal male stage. The eye lobes may 
have bome pigmented stalked eyes, and peduncular segment 
3 of antenna 2 a vestigial squame. The gnathopods were 
almost certamly non sexually dimorphic and поп 
preasmpleximg. However, as noted previously, character nos. 
2,3,4, Sand 8 occur, in more conspicuous form, within some 
extant petalophihalmid Mysidacea but, to date, nowhere else 
within potential ancestral outgroup peracaridans, 

As noted above, the Ingolfiellidea occur widely in both 
[resh and salt water. from the shore line to the abyss, nearly 
world wide. On the other hand, both the Hypertidea and the 
Caprellidea аге strictly marine and of restricted ecology and 
life style. Ingolfiellids overlap distributionally and ecologi- 
cally with many other hyopogean amphipod groups. espe- 
cially with bogulieloideans and niphargids but are readily 
distinguishable. Whereas the ingulfiellids possess several 
symplesiomnorphies but no synapomarphies vis-a-vis the 
Gammaridea, (ће reverse is true of the Hyperidea and 
Caprellidea. We therefore conclude that the case for contin- 
ued recognition of the Ingolfielliea at subordinal level is 
strong whereas (hal Гог the Hyperiidea and Caprellidea 
merits further consideration. 


Phyletic Relationships of Large Hypogean Amphipods 


Asin the Fossorial amphipods. the phyletic placement of 
hypogean amphipods is subject to problems of convergent 
evolution because of the specialized but relatively uniform 
nature of the phreatic environment. However, such prob- 
loms tend to be evidenced in rather different and mainly non 
reproductively related aspects of their systematics. Holsinger 
(1993) has comprehensively reviewed the distribution of the 
world fauna af 740 hypogean amphipod species that are 
distributed among 36 families and 12 superfamilies or equiva- 
lent groups. Most of these occur in the northern hemisphere, 
but diversity isrelatively highamong groundwater amphipods 
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FIG. 27 MORPHOLOGICAL FEATURES OF INGOLFIELLIDEA (mainly after Ruffo, 1969) 


AMPHIPACIFICA VOL. | NO.3 OCTOBER 15, 1994 42] 


of the southern continents. Most species are readily assign- 
able to family and superfamily categorie, but some taxa 
remain enigmatic and difficult of satisfactory pliyletic place- 
ment. 

In 1986, Notenboom described a relatively large, carn- 
ivorous amphipod species from wells and а cave lake near 
Valencia in eastern Spain. The animal appears basically 
zammaroidcan in general features, but is remarkable in 
possessing calceoli on both antenna of both sexes. As noted 
in ig. 11, ' this is a strongly plesiomorphic feature that is 
found only among the relatively primitive superfamily groups 
and within very (ew other epigean gammaroidean subgroups 
(e.g. Рағатезогаттағня). The species was fully figured 
and described by Notenboom and is refigured here for 
comparison with possible closely related ingroups (Fig 289. 

Sensonator valentiensis appears more gammaroidean 
than any other superfamily group, especially in character 
states of the antennae, some mouthparts (е. p. simple lower 
lip), anterolobate сохае, dorsal abdominal spinato, uropod 
3, telson, and surface ultrasiructure. However, males are 
smaller than females, the gnathopads are non sexually di- 
morphic, and some mouthparts, especially the mandible, are 
rather strongly modified For ап apparently specialized feed- 
ing role. After comparing the species with member of the 
Liljeborgiidac, Pardaliscidae, Niphargidae, Crangonyctidae, 
Bogidiellidae, Pxeucdoniphiargus, andother hypogean groups, 
Notenboom was unable to place the animal phyletically. 
However, he refrained for formally proposing а new family 
or higher level taxon for its reception, and hence has left the 
matter open Гог further consideration. 

Asseeninour Fig, 28 the differences between Senior 
and other major regional groups of hypogean amphipods 
such as niphargids, typhlogammarids, and boguliellids аге 
fairly obvious and need not бе detailed here. However, if 
general features of the species are compared with regional 
littoral marine species within the Melphidippoidea, some 
sirikingly similar character states may be noted. Thus, North 
Atlantic species of Cheirocrarus and Casce have similarly 
sharply incised inferior head sinuses, antenna 1 much shorter 
than 2, anterior coxae diminishing in size posteriorly, 
gnathopods unequal in size (2 the larger), peracopods 5-7 
long and nearly homogpkexdous, with short dactyls and ler- 
dency to strong distal setalion, strongly aequiramous uropod 
3. and telson short and bilobate. These species also have 
narrow brood plates and lack а сока] gill on peraeapad 7, 

We concur with Notenboom s evolutionary scenario in 
which a frees-swimming marine ancestor probably invaded 
macroporous biotopes inthe littoral karst, We would suggest 
that as far back asthe Cretaceous, ancestral mel phiddipordeans 
may have been calceolate and much more numerous than 
(heir present relict status might indicate. Such ancestral 
types шау once have occupied filtoral biotopes now taken 
over by the more advanced badzioideans (melitids). In our 
view, modern melphidippoideans merit further study as an 
extant relict group ihat may well have sprung from the same 
common ancestor as Бенденин. 
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А somewhat similar problem of phyletic classification 
has concerned Phreatogammwrus fragilis described by 
Chilton more than 100 years ago from stream beds in the 
South Island of New Zealand, He assigned the species to 
family Gammaridae were it remained following its 
redescription and (he addition of further species by Hurley 
(1954), The species 15 refigured bere, for comparison with 
other regional epigein species and with other hypogean 
world genera of possible phyletic relationships (Fig. 29). 

The animals seperficially resemble some капипаг- 
oideans of the northern hemisphere, including species of 
Typhlogammaraus (Ре д, Characters of strongest similarity 
are found in the elongate antennae, with strang accessory 
Пар ит, large. sexually dimorphic gnathopods (2 the larger). 
clongate peraeopads with antero-lobate coxae, dorsally 
spinose urosome, and large brood plates. However, differ- 
ences may be noted in the mouthparts, peraeopod dactyls. 
uropods, telson, and a form of sternal gill is present, all of 
which precludes direct assignment within any known mod- 
em group of gammaroideans. Although Phreatoyammarus 
fragilis in continental іп New Zealand, и bears a superficial 
resemblance to medium and large hypogean species such as 
Pintaweckelia grandis Stock from wells in the Caribbean 
continental island of Haiti. and to Camerimetita janstocki 
Bousfield from anchialine cave pools in the volcanic Hawat- 
ian Islands (Fig 9. Although Phreatogammaras 15 readily 
distinguishable from these two farms, especially in the 
mouthparts, соха] gilis and uropods, these two forms appear 
at least remotely phyletically related and mer further inves- 
tigation im this regard. 

By fortunate chance, one of us (ELB) was able to collect 
material of additional epigean estuarine and freshwater spe- 
cles. here designated asPAreategammarus sp. 1 and 
Phreategammarus sp. 2 respectively (Fig. 29), А prelim- 
inary report on this material was presented at the Interna- 
tional Crustacean Symposium in Sydney, m 1980, but the 
new [ахи have net yer been formally described. ‘These 
species are similar to the phreatic species, except for their 
smaller size, pigmented eves, айй more strongly sexually 
dimorphic znathopods. They form a taxonomic and ecologi- 
cal series, from marine and estuarine, through fluvial epigean 
to Novial hypogean biotopes. We might reseasonably con- 
jecture. therefore, that (his series reveals a direct pathway of 
egress by which littoral marine organisms have penetrated 
hypogean fresh waters in the past, not only in austral regions, 
but world-wide. 

Except for tbe relatively short telson lobes, the estuarine 
species also demonstrates a remarkable overall similarity to 
species of Hornellia, а topical and Indo-Pacific genus 
within superfamily Melphidippoidea, The genus Phrearo- 
gammarus may Well have shared a conumon ancestor with 
present-day littoral marine melphidippoideans. Thus, pend- 
ing more detailed comparison over а broader spectrum of 
material, the Para groups are placed tentatively on the same 
major evolutionary branch of the revised and updated 
amphipod phyletic tree (Fig. 30). 
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А. Typhogammaridae: 
Typhlogammarus sp 


. D.. Cheirocratidae : 


Cheirocratus 
sundevalli 


m | са!сео | | j 
с. Cheirocratidae : ; — 
Casco bigelowi 


| В. Family incerta 
valentlersis 


E Niphargidae: 
Niphargus sp. 


F Bogidiellidae 
Bogidiella bredini 


FIG. 28 CONVERGENT MORPHOLOGIES IN LARGE HYPOGEAN 
AMPHIPODS [from Notenboom (1986) and various sources] 
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FIG. 29 PHREATOGAMMARUS SPP. AND SELECTED MELPHIDIPPOTDEA AND HADZIOIDEA 
А. Hornellia sp. B. Phreatogammarus sp. 1 C. Phreatogammarus sp.2 D. Phreatc - 
gammarus fragilis Chilten E. Pintaweckella grandis Stock F. Carnarimelita stocki Bousfield 
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Phylogenetic tree. 

Long before the advent of numerical taxonomic analy- 
sis. hypothetical phylogenetic relationships between higher 
categories of classification of organisms bad classically been 
presented in à branching tree-like arrangement, In а inor- 
phological гептил, the plesiomorphic character stares are 
most strongly evinced іп laxa, extant or extinct, that arc 
closest to the trunk and main branches. and the аротогрћес 
or advanced and specialized features are best developed in 
taxa placed near the branching exuemtties. [n effect, the 
phylogenetic "tree may be viewed as a form of cladogram 
in which the character states ae ordered and arranged 
“parsimoniously”, but without numerical basis. Brusca & 
Wilson (1991) have employed cladistic methodology in 
phylogentic analysis of the Isopoda, resultinz in major 
classtficatory recommendations tor the 10 suborders within 
this very diverse. primarily benthic, and relalively ancient 
group of peracaridans, However, the universality applicabil- 
Пу and adequacy of cladistic analyses Tor this purpose has 
heen questioned by some (e.g. Gostiner & Ghiseln, 1984). А 
full cladistic analysis of the Amphipoda is beyond the scope 
of this paper. Serious problems concerning character state 
homoplasy, and the status of so-called “intermediate” taxa 
have yet to be resolved. However. a phyletic tree based on 
"first principles" is here provided as à useful visual basis Гог 
eventual numerical establishment of a true phyletic classifi- 
cation of the Amphipada, 

[n this respect, Bousfield (19798) has proposed a tree- 
like arrangement For amphipod suborders and superfamilies 
thai ts here refined and updated on the basis of new infonna- 
поп and expanded analysis of major characters and character 
Slates (see Fig. 30), The thickness of the branches was 
roughly proportional (othe number of extant species in each 
subtended major category. In (ће carly version, the "stem ^ 
taxa lay within a boundary or envelope of those possessing 
а pelagic reproductive and terminal male stage, Envelopes 
nf selected plesiomorphic character states such as the pres- 
ence Of postera-lobate coxae of peraeopaods 5-7, and calceolate 
antenriae also encompassed superfamilies. closer ка the tips 
of the branches, in which mature mules were benthic, 
preamplexing, and of indetenninate life stage. 

The present version of the tree (Fig. 39) is essentially 
similar. During the past 15 years the number of species in 
each group has increased, variously, by only about 5- 10557, 
few Major new taxa have been discovered, and the ordering 
of character states has remained basically unchanged. How- 
ever, the callynophore (Lowry, 1986), сајсеоћ (Lincoln and 
Hurley, (9815, brush setae. and other sensory and swimming 
structures of reproductive males (p. 88) have since been 
developed as significant indicators of phyletic relationships. 
Emphasis on such parameters has here altered the position of 
the main trunk which now centrally subtends superfamilics 
ol Natantia leading to the most highly advanced and modi- 
fed Hyperiidea, These taxaare marked by the plesiomorphics 
of Table I (p. ) that include, in the male, à more slender and 
flexible urosome, powerfully natatory pleopods, and well- 
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developed, usually plumose-setose uropod 3 and tail fan, 
Calvceolate antennae are restricted to the more primitive 
members of Natantia and to more advanced subfamilies that 
have variously pene ated 1otic-water environments of coastal 
estuaries and freshwaters (e.g, some ponlogeneiids and callio- 
piids within Eusirnidea; paracalliopiids and exoedicerotids 
within Oedicerotnidea) The Lysianassoidea is the only 
croup within Nalantia to retain callynophore, calceoli, and 
brush setae, thus remaining closest ta the presumed 
gammaridean ancesiral type. and confirming the classical 
ancestral position set forth by Sars (1895) and Stebbing 
(1906), The pelage males of nestling and tube-building 
Оехашилов јел and Ampeliscoidea have virtually lost the 
callynophore. but retain antennal brush serae, powerful tail 
fan. and bilobate telson, [n this respect, the Melphidippoidea 
are similar, but in their development of weakly sexually 
dimorphic gnathiopods, appear transitional to members of the 
Reptantia, The monotypic genus Жеп хото (of Notenboum, 
1986)is here proposed (p. asa primitive early offshoot that 
still retains antennal calceoli of the presumed marine ances- 
(ral melphidippoidean. Primitive members of the fossorial 
Pontoporeioidea (excluding, Haustoriidae} and the 
Phoxocephaloxdeas (most) have totally lost the antennal 
callynophore but have retained brush setae and calceoli, As 
noted previously, natant superfamilies with calceoli are 
primarily cold-temperate and arctic іп distribution, (hose 
without are primarily tropical and warm-temperate. The 
coxal gill of peraeopod 7 is retained widely within the 
Natantia, and is plesimmorphically pleated or dendritic in 
pelagic males of L ysianassoidea, Eusiroidea, Dexaminoidea, 
and Ampeliscoidea. 

The superfamilies of Reptantia are placed nearer to the 
branch tips. Those on the rieht side of the tree tend to possess 
more. plesiomorph character states such as homo-podous 
peraeopods 5-7, with postero-lobate сохае, and generally 
lack án ecdesial (baso-facial) spine оп uropod 1. Among 
fresh-water members, the occurrence of various types of 
sternal gills is widespread (e.g. most crangonyctids, hyalellin 
talitroideans, pontogeneiid eusirids and Falklandelle, and 
parácrangonyctid liljeborgiids), Categories of Reptantia on 
the left side of the tree are advanced in those same character 
states and, in fresh water members (e.g. of Gammaroidea, 
Hadzioidea, Bogidielloidea), sternal gills are lacking or very 
rare. The соха] gill of peraeopeod 7 is retained only in the 
mast primitive members of Reptantia (e.g. most Gammaroidea 
and Crangonyctoidea) and that of peraeopod 2 is lost in many 
coraphioideans and all caprellidans, 

On the left side of the tree, the primitive hypogean and 
fossorial Ingolfiellidea (p. 126) diverged carly from the 
many evolutionary trunk. Its presumed ерірсап free-living 
ancestors were almost certainly callynophorate and calcectate 
bui little except some mysid-like character states сап be 
deduced from comparative morphology (p. 80) and no trace 
remams їп the very limited amphipod fossil record, The 
hadzioidean and corophiodean superfamilies underwent pro- 
gressive reduction ог antennal sensory structures, diminu- 
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hoo Qf pleapods, uropod 3 and tail fan, and fusion of telson 
lobes, but enonnous development of pre-amplexing and 
matc-guarding gnathopds in the male (p. 105). apparently 
associated wilh benthic and damicolous life styles, The 
relatively primitive, mainly freshwater gammaroideans have 
lost callynophore and brush setae, but many have retain 
antennal calceoli, and fairly strong development of uropad 3, 
tail fan, and bilobate telson. Gnathopods of the male func- 
tion in pre-amplexus, rather than in agonistic mate-smarding. 
Presumably related to the natantian inelphidippoideans are 
the allocrangonyctids and pseudoniphargids, оп the one 
hand, and the phreatogamimarids and bogidielloideans on the 
other (p. 126). 

On the night side of the tree. the crangonyctoideans аге 
clearly reptar, having lost the callynophort and brush setae, 
undergone strong reduction of pleopods, пторікі 3, and 
lusion of telson lobes. and are predominantly hypogean in 
Ше style, The Crangonyctoidea ranks as the most primitive 
ol reptant superfamilies in which males are typically sinaller 
ап females, with non-preamplexing gnathopeds, and ter- 
minal in life stage.. Their widespread retention of calceoli, of 
а very plesiomorphic formi, provides а plaus-ible link with 
the marine Рћохосерћа о са. Indeed, Рета (the most 
primitive crangonycroidean) possesses a nalatory urapad Э, 
strongly bilobate telson, primitively calceolate antenna i 
(male only), specialized carnivorous mouthparis, squarish 
соха] plates, sexually non-dimorphic raptorial gnathopads, 
and elongate peraeopod б, features that are reminiscent of 
many Australian Phoxocephalidae (see also Williams & 
Barnard, 1988). Іп association with their freshwater and 
terrestrial evolutionary thrust, and ability to saltate in air, the 
talitroideans have undergone very marked reduction of the 
antennae and sensory structures, of pleopod and игрек 3. 
and Tusion of telson, and powerful development of agonistic 
and/or pre-ampleximg znathopods, bul have otherwise re- 
mained generalized and primitive in general body form. 
Mannemembers of the Liljeborgioidea (e.g. of Liljeborgiidae, 
Sebidae, Colomastgidac) are variously specialized für 
commensal life style, with strongly sexually dimorphic 
enathopods. The freshwater members (of Sebidae, 
Salentinellidae, and Paracrangonyctidae) are ћуровеап anil 
enathopods may have become secondarily weakly or not 
sexually dimorphic. Within the marine leucothoideans, 
however, members that are morphologically modified in 
commensal association with tunicates. sponges, and other 
sessile marine invertebrates (e.g. most Leucathoidae, 
Vicmusiidac, some Pleustidae, etc}, show little or по sexual 
dimorphism of the gnathopods, except in the 
imicrocarmivorous Stenothoidae, and the Anamixidae where 
modification 1s extreme (Thomas & Barnard, 1983), Within 
the Pleustidàe, the neopleustinid branch, may have given rise 
lo the Podeceridac (and perhaps the Tciliidae}, currently 
classified within the Corophioidea. These in іші, having 
strong sexual dimorphism of enathopods and substrate- 
clinging life style, have probably given rise directly to the 
"mainsueam " Form of the Caprellidea (Laubitz, 1979, 1993}. 
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However, the possibility of a polyphyletic origin of the 
Caprellidea remains investigative (e.g. Laubitz, 1993; 
Takeuchi, 1993), as is the origin of the Corophioidea (as 
presently defined), The leucothoid-podocerid-caprellid clade 
has remained strictly marine, with strong reduction of abdom- 
inal and locomotory appendages, and a strong tendency to 
semi-sessile, commensal, or ectoparasitic life styles. 
Conlan (1991) has utilized the earlier version of the 
phyletic tree to тиге the taxonomic distribution of matë- 
guarding and non-mate-guarding behaviour in the Am- 
phipoda. Mate-guarding behaviour had then been formally 
described within ће Gammaroidea, Talitroidea, Hadziotdea, 
Cuorophioidea, and Caprellidea, here categorized within the 
Reptantia, Non mate-guarding behaviour had been observed 
within the Lysianassoidea, Eusiroidea, Phoxovephaloidea, 
Pontoporetoidea, and Ampeliscoidea, all categorized here 
within (he Natantia. She also found thal species of Crangonyx 
(Crangonyciaidea) and Hausroríus and Amphiporeia 
(Pontoporeoidea) did not leave the bottom in mate search- 
ing, yet also did not mate-carry ог mate-guard. Such behav- 
ipur, overlapping keteen Natantia and Reptantia. is nol 
unexpected, and may reveal how similar mating strategies 
evolved convergenily in phyletically unrelated groups ex- 
posed io similar environments and edaphic conditions. 


Revised Semi-phyletic Classification of the Amphipoda 

Phyletically oriented classifications of the Amphipoda 
proposed by Bousfield (19792, 198223, 1983) and embodied 
in Schram (1986) are revised and updated here (Table 117). 
А closely similar version was published recently by Bousfield 
and Maude (1994), Although thesubordinal and superfamily 
concepts remain essentially the same, their semi-phyletic 
arrangement has been altered significantly to conform with 
the concept of ^Natantia-Reptantis" relationships developed 
in previous sections, and graphically presentedin Fig. 30. As 
we may note below. the families encompassed within several 
superfamilies have been expanded or modified in the light of 
recent discoveries and taxonomic advances, 

Within the “Natania” superfamily Lysianassidae is 
restored to ihe basic, ancestral position of earlier authors 
(Sars, 1895: Gurjanova 1931). The lisi of member families 
is expanded to include: (1) the Hyperiopsidae and 
Cyphocaridae, all manbersof which аге neritic, pelagic, and 
bath ypelaric, and the primitive Valettidae of deep coastal 
and offshore waters; (2) the fish-parasitic Trischiza- 
stomatidae; and (3) the benthic commensal, and modified 
Conicostomatidae. АП of these possess, variously, in 
combination, the typical lysianassid character states of short 
swollen peduncular segments and strongly callynophorate 
Паге ил of antenna 1; short rostrum: mouthparts variously 
modified for carnivory or necrophagy; weakly subchelate, 
long wristed enathopod 2 (often. with elongate ізсһішті); 
pleated ar convoluted соха! gills; slender or linear brood 
plates; and (variously) calceolate antennae. Although the 
Phoxocephaloidea possess more primitive calceoli, and are 
strong] y rostrate, (hey are ranked phyletically higher because 
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TABLE Ш. SEMI-PHYLETIC CLASSIFICATION OF THE AMPHIPOD CRUSTACEANS. [Gammaridea and 
Ingolfiellidéa after Bousfield 10824, 1983: Hyperitdes after Bowman & Gruner, 1073; Caprellidea after McCain. 1970) 


1. AMPHIPODA "NATANTIA" 

Superfamily LYSIANASSIDAE (Gammaridea) 
1, Yaleitiidae 

2. Hyperiopsidae 

3. Cyphocaridae 

4. Uristidae 

5. Lysianassidag 

6. Conicastomatidac 

T. Trischizostomatidae 

8. Incerta sedis 


Superfamily PHOXOCEPHALOIDEA 
. Urothoidae* 

. Platyischnopidae 

‚ Cheidae 

. Phoxocephalidae 

. Condukiidac 


кл a [1 oe 


Superfamily SYNOPIOIDEA 
І, Synopiidae 
2, Arpgissulac 


Superfamily PARDALISCOIDEA 
1. Sülipedidae (incl. &stvndac) 

2, Pardaliscidac 

3, Vitjazianidac 


Superfamily STEGOCEPHALOIDEA 
|. Stegocephalidac 


SUBORDER НУРЕВИОЕА 
INFRAORDER PHYSOSOMATA 
Superfamily SCINOIDEA 

1. Archaeoscinidae 

2. Mirmonectidac 

3. Proscinidae 

4. Scinidae 


S uperfamily LANCEOLIDEA 
1. Microphasmidac 

2. Chuneolidae 

3. Lanceolidae 


INFRAORDER PHYSOCEPHALATA 
Superfamily VIBILIOIDEA 

1. Vibiliidae 

2, Cystosomalidac 

3. Paraphronimidae 


of their loss of callynophore, and their morc highly modified 
mouthparts (lower lip with inner lobes), and unpleated gills. 
The Synopicidea, Pardaliscoidea and Stegocephalkaiulea form 
à non-caiceolate core group within Natantia leading to the 
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| 1. Ampeliscidae 


Superfamily PHRONIMOIDEA 
|. Hyperiidae 

. Dairellidac 

. Phronimidae 

. Phrostnidae 


қы T3 


Superfamily L'YCAEOPSOIDE A 
I. Lvcaeopsidae 


Superfamily PLATYSCELOIDEA 
|. Pronoidae; Z, Anapronoidac 

3. Lycaeidae; 4. Oxycephalidae 
5. Platyscelidae; 6. Parascelidae 


Superlamily DEXAMINOIDEA (Gammaridea) 
1. Atvlidae (+ Lepechinellinac) 
2, Dexaminidae (+ Prophiiantidae) 


Superfamily AMPEEDISCOIDE A 


Superfamily PONTOPOREIOIDEA 
1. Pontoporeiidae (incl. Ваћурогендас) 
2. Haustonidae 


Superfamily EUSTROIDEA 
1. Pontoczenciidae 
2. Eusiridac 

3. Bateidae 

4. Calliopiidae 

5, Paraleplamphopidae (incl. Falklandellidae) 
6. Gammarellidae 

7. Amphithopsidae 

$. Gammaracanthidac 

9. Paramphithoidae 


Superfamily OEDICEROTOIDEA 
1. Paracalliopridae 
2. Exoedicerotidae 
3. Oedicerotidae 


Superfamily MELPHIDIPPOIDEA 
1. Sensonaror group. (mmonotypic) 
2. Cheirocratidae. (=Ноте дае) 
3. Melphidippidae 

4, Megaluropidae 

5. Niphargidae? (incert. sed. ) 

6. Phreatogammaridae? (incer, sed.) 


advanced, parasitoid Нурегидеа, the internal classification 
of which has been established hy Bowman & Gruner (1973). 

The weakly or non-rostrate dexaminids and ampeliscids 
are yet more highly advanced іп near loss of cally nophore, 
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TABLE Ш, (cont'd). 


|, AMPHIPODA “REPTANTIA” 
| SUBORDER INGOLFIELLIDEA 
1, Ingolfiellidae 

2 Metaingolfiellidac 


Superfamily CRANGONYCTOIDEA 
1. Meonipharzidae (+ Perthiidac! 

2. Paramelitidae 

3. Stemophysingidac 

4. Eocrangzonyetidae 

5. Crangonyctidae 


Superfamily LILIEBORGIOIDEA 
1. Liljeborgiidae 

2. Paracrangonyctidac 

3. Sebidae 

4. Colomastigidae 

5. Salentinellidae 


superfamily TALITROIDEA 
1. Hyalidae (incl. Hyalellidae?) 
2. Dogielinonidae 

2, Najnidae 

4. Ceinidae 

5. Eophliantidae 

Phliantidae 

Kuriidae 

Talitridae (4 subgroups} 
Temnophliantidae 


сы аа д 


Superfamily LEUCOTHOIDEA 

. Vicmusiidae 

‚ Pleustidae (12 subf} 

. Acanrhonotozomaridac (imel. 3 subf) 
. Lafystiidae 

. Laphvstiopsidac 

‚ Ochlesidae 

. Amphilochidae (2 subf..) 

&. Stenothoidae 

9. Cressidae 

10, Thaumatelsonidae 

ГІ, Maxilliptidae 

12, Nihotungidae 

13. Pagetinidae 

14. Leucothoidae (incl Anamixidac) 


ің ДА lar Pp e 


- CA 


Superfamily САММАКОТРЕА) 
1. Anisogammaridac 
2. Cammaroaporelidae 


| Possibly convergenl within. Corophiodea 


3. Mesogammaridae 
4, Typhlogammaridae 
5. Gammaridae 

6, Pontogammaridae 
7. Acanthoganunaridae 
š. Macrohectopidae 
9, Caspicolidae? 

10, Incert. sed. 


Superfamily BOCGIDTIELLOTDEA., 
|, Artestidae 

2, Вогиће дас 

3, Kerrucleniolidae 7 


Superfamily HADZIOIDEA 

I. Hadziidae (+ sev, subf.] 

2, Metacrangonyctidae 

4. Nuuanidac 

5. Melitidae 

б. Carangoliopsidae 

Т. Aetiopedidae (transfer. from Corophiidae) 
$. Allocrangonyctidae (= Pseudoniphargidae) 


Superfamily COROPHIOIDEA 
Ampithoidae* 
Bianeolinidae* 

Aoridae 

. Cheluridac 

. Isaeidae 

I[schyroceridae 

. Neomeegamphopidae 

. Corophiidae 

. Podoeceridae* 


l. 
сж 
3, 
4 
5 
6. 
7 
Š 
9 


SUBORDER CAPRELLIDEA 
INFRAORDER CAPRELLIDA 
Superfamily PHTISICOIDEA 
1. Phtisicidae 

2, Dexieccadidae 


Superfamily CAPRELLOIDEA 
1. Caprogammaridae 

2. Paracercopidae 

3. Caprellidae 

4. Aeginellidac 


INFRAORDER CY 4MIDA 
Superfamily CY AMOIDEA 
1. Cyamidae 


15. . Freshwater mem- 
The Pontoporeicidea have retained elongate calceotate — бега posses sternal gills. Members of he truc Haustoriidae 
antennae (male), but lack coxal gill of peraeopod 7, and are exhibit many character states thal are homoplasious with 
allied to the reptant Gammaridea in possessing sexually — phoxocephaloidean genera (Bousfield, 1989), Despite the 
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lack of calceoli and (with rare exceptions? lass ОГ 2nathopod 
sexual dunorphism, family Haustorndac continues here to be 
classiltied within the Pontoporeioidea on the basis of head 
form, mouthpart morphea у, adactylate регар. strongly 
deflexed urosome and close similarity of its most primitive 
members to the sympatrie pontoporeud genus Ammuporeiz 

Within the Eusiroidea may be recognized two main 
eroups: (1) an essentially pelagic, small to medium sized 
animals thal mostly reizim brush serae, ealceolt, and strongly 
natatory pleopods and tail fan, and (2 i ат essentially benthic 
group of medium io large-sized animals, including the 
Paramphithoidae, Aniphithopsidac, and Gammaracanthidae 
Bousfield, 1989, have hecome benthic but. lack sexually 
dimorphic gnathopods andreman essentially manne. Within 
subgroup (T) the calceolate pontogeneiids and calliopids 
have apparently give rise to various groups of Paramoera and 
allied genera. and to the paraleptamphopid and falklandellid 
Family groups of austral fresh waters, These all tend io have 
a much reduced огород 3 and tail fan, but males (in many 
genera) have developeda pre-amplexing gnathopod |. Within 
the closely related but distinctive superfamily Qedicermoidea, 
some marine members have retained both. caleeoli and 
callynophore, but within estuarine and fresh water 
extedicerotids and рагаса Тори ја (southern hemisphere), 
males have become larger than females and hayeconvergently 
По zamrmarouxlcans of the northern hemisphere? developed 
strongly preamplexing gnathopads and the reproductive 
“carrying” habit, features convergent with those of 
zamunaroideans of the northern hemisphere, As outlined 
above, the superfamily Melphndippoidea new encom - 
passes the free-swimming marine Cheirocratidae, the fossorial 
Megaluropidae, and the primitive para-ancestral freshwater 
hypogean genus Sen konator. The phyletic status of the fresh- 
waler hypogean Family Niphargidae, endemic to the Europ- 
вап- Ме елгапсап region, is considered peripherally melphi- 
dippoidean, but remains essentially спштане. 

The order of Hsting of superfamilies and suborders of 
Reptantia is essentially that previously arranged in the fam- 
Шу tree (p. 126). The primitive Ingolfiellidea are here 
considered fully subordinally distinct from the Gamumnaridea 
(see also p. 128 Within ће Crangonvcteidea. the rationale of 
Но ва (19924) in separating the Stemaphysingidae from 
ће Paramelitidae 15 recognized here, but family Perthiidae, 
proposed by Williams and Barnard ( 1988), ts readily encom- 
passed within family Neaniphargidac, The sponge-dwelling 
Colomastigidae is bere formally to transferred from the 
Leucothoidea to the Liljeborgioides. Family composition 
within the Talitroidea remains unchanged, although Me 
freshwater Hyalellidae have proven to be closely allied with 
Aflorehestes and other marine genera and may soon be 
relegated to subfamily status м the Hyalidac. 

The concept of superfamily Leucothgidea has heen 
broadened to encompass the Latystiidae, Acantha- 
notozomatidae, and Ochlesidae {all transferred from 
Stegocephaloidea), and the unique pleustid-like Viemusiidae 
Just, 1990, recorded from Bass Stran Canyon, Australia. 
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Despite considerable recent taxonomic work on both 
superfamilies, the family composition of the Gammarcidea 
and Bogidielloidea remains little changed, The taxonomic 
refinements within the Hadzioidea have resulted in several 
new Family proposals ot which Allocrangonytidae Holsinger, 
1989; Nuuanidae McKinney & Barnard, 1977; and 
Meiscranzonyetidae Boulin & Missouli, 1988, are prowl- 
sionally listed here, The family Aetiopedidae Moore and 
Myers, 1988, based on an enigmatic new form Irom the Bass 
Sirait region of Australia, was originally placed within the 
Corophioides, but is here transferred to the Hadzioidea. The 
type species, devopedes gracilis, possesses a number of 
strongly melphidippoidean-hadzio)ideau and поп-сог- 
ophicidean character staves. These include а short antenna |, 
posteriorly decreasing size of coxae 1-4, elongate carpus of 
enathopods, non-glandular bases and unguiform dactyls d 
peraecpaods 3 & 4, fully Бігати andplumosc-setose Игора 
3, and linear brood plates. The mouthparts appear 
hadzioidean, and non-corophioidean. especially in the form 
of maxilla 2 and maxilliped, and in the notehed and stighils 
asymmetrical form of the upper lip. 

The concept of superfamily Corophioides has remained 
stable following numerous studies by A. А. Myers (loc, cit} 
but. under closer numerical taxonomic scrutiny, the concept 
may prove to be polypliyletic. Thus, ampithoid-biancolinids 
тау form one group. aorid-chelurid-corophiuls a second, 
іздей ас угости а Wird, and the podocerids a fourth, ali 
related more closely to outgroup families within other 
superfamilies (han to cach other, Superfamily and family 
concepts within the Caprellidea accepted here аге basically 
those of Mein (1970) that also take account the high prob- 
ability a£ polyphylelic ancestries proposed by Laubitz (1993) 
and Takeuchi (19971, 

In this presentation, we have delved into the pertinency 
and usefulness of same morphological features for phyletic 
Classihcaton ec amphipod crustaceans. А more comprehen- 
sive study might have included the classificatory signili- 
cance of sexual dimorphism of the pleopads, of the fonn of 
the rosurum, of segmention of peraeopods, and of several 
other major characters. We look to eventual establishment 
af а data base of non-homoplasious character states suffi- 
ciently large lo employ cladistical analytical methododology 
with confidence. We urge further study on the significance 
of surface ultrasture in amphipod phylogeny, currently 
being advanced by Kevin Halcrow (Halcrow & Bousfield, 

1987; Halerow and Powell, 1992; Halcrow, 1993), The pro- 
tein electrophoretic approach That is now providing answers 
to species level relationships (Bulnheim & Scholl, 1981; 
Stewart 1903) might prove applicable at much higher laxi- 
nomie levels. Finally, the fundamental work of Sibley and 
Ahlquist (1983, et sequ.) in which DNA-DNA hybridization 
techniques were utilized in major phyletic reorganization of 
avian classification, may eventually be adapted to providing 
genetic data of exceptional value for the phyletic classifica: 
tion of amphipod crustaceans. 
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